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American Iron and Steel Institute Meeting 


More Than Thirteen Hundred Attend Seventeenth General Meet- 
ing—Valuable Technical Papers Read—Judge Gary Speaks of 
Present Labor Situation and Urges Employers to Co-operate. 


HE seventeenth general meeting of the American 
Iron and Steel Institute was held at the Hotel 
Commodore, New York, May 28. 
The technical program contained some very interest- 
ing papers. The papers read were as follows: 


Industry’s Need of Oil—George Otis Smith, Director. 
United States Geological Survey, Washington, D. C. 


Welfare Work in the Steel Industry—C. L. Close, Man- 
ager, Bureau of Safety. Sanitation and Welfare, United 
States Steel Corporation, New York. 


Fatigue of Metals Under Repeated Stress—H. F. Moore, 
Research Professor of Engineering Matertal. and J. B. Kom- 
mers. Research Associate Professor of Engineering Material. 
University of Illinois, Urbana, Tl. 


The Future of Oxygen Enrichment of the Air in Metal- 
lurgical Operations—F. G. Cottrell, Bureau of Mines, Wash- 
ington, D. C. 


The Microscope and the Heat-Treatment of Steel—Albert 
Sauveur. Professor of Metallurgy, Harvard University, Cam- 
bridge, Mass. 


A Method of Producing Pipeless Rolled Products From 
Annular Blooms—C. A. Witter, Provident Engineering Com- 
pany. Philadelphia, Pa. 


The Acid Onen Hearth Process—B. de Mare, Superin- 
tendent. Open Hearth Department, Midvale Steel and Ord- 
nance Company, Philadelphia, Pa. 


The paper read by George Otis Smith appears on 
page 365 of this issue; the paper by H. F. Moore and 
J. B. Kommers appears on page 368. Professor Albert 
Sauveur’s paper appears on page 373, and the paper by 
B. de Mare is published on page 318. 


More than 1,300 attended the banquet held on Friday 
evening. Among the speakers were Joseph C. Butler, Jr., 
Willis L. King. Robert W. Hunt, W. U. Follansbee and 
Dr. Henry M. Howe. 


Judge Gary’s annual address dealt chiefly with the 
present labor situation. “The present socalled labor 
strikes, involving riot and injury to property and person 
are instigated as a part of the campaign to disturb and 
demoralize the economic conditions of the country,” 
Judge Gary asserted. “In other lands very serious results 
have been accomplished by the same means which have 
been employed here.” 


Judge Gary sail the “small minority” hope to attract 
a majority of the people and thus enable them to obtain 
‘fone legislative act after another until the constitution 
shall ne undermined and the whole structure destroyed.” 
.“These men,” he continued, “have already secured 
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some legislation which is wrongfully discriminating.” 

Judge Gary asserted the safe and natural remedy for 
the “perils” are to be found only in “unity of purpose 
and effort on the part of the whole crew on board our 
ship of state. an undivided loyalty to the principles of 
our constitution and all the laws which are passed in 
conformity to it.” 


Speaking of the duties of employers, Gary said they 
must be “unselfish, reasonable, fair, sincere and honest.” 

“You should without interruption give evidence of a 
disposition to conciliate and cooperate,” the steel man 
said. ‘ 


“Employes must realize that their advancement arr 
contentment depend on the progress and prosperity of 
their employers; that except for the willing and free in- 
vestment of capital up to the requirements of business 
demands, together with the full cooperative assistance on 
the part of the best talent, enterprise and initiative would 
languish and disappear and that indifference and idle- 
ness would be substituted.” 


“Agitators who are trying to create trouble between 
employes and employers are, as a rule, insincere and sel- 
fish,” Judge Gary averred. ‘The great mass of employes. 
if left to decide for themselves, are loyal to the country. 
to the public interest and their employers,” he said. 

Judge Gary contended that the honest man who 
“reads, studies, thinks, works, economizes, saves, persists 
and uses his best judgment” will succeed in this country. 

“If he is neglectful, indolent, profligate and dishonest 
he will fail. Ordinarily the men who complain because 
of their poverty or position in life have only themselves 
to blame.” 


Opposes Any Discrimination. 

Turning to the duties of the public, Judge Gary said. 
“there must not be any discrimination against or in favor 
of any group of persons if this country is to retain the 
position among nations to which it is entitled.” 


The general public, he asserted, should coGperate with 


‘and assist private enterprise. 


Discussing the election of the next President, Judge 
Gary said a man must be selected who is “able, wise and 
well informed, of unquestioned honesty, morally and in- 
tellectually ; eminently fair and impartial, frank and sin- 
cere, broad minded, deeply sympathetic, courageous. 
sturdy and well balanced.” 
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Notes on the Acid Open Hearth. Process 


Discussion of Practice as Carried Out in the Open Hearth 
Department of the Nicetown Plant of the Midvale Steel 
and Ordnance Company. 

By B. DE MARE, 

Open Hearth Superintendent, Midvale Steel and Ordnance Company. 


N presenting this paper on the “Acid Open Hearth 
Process,” my aim has been to confine myself to the 
practice as carried out in the open hearth department 
of the Nicetown plant of the Midvale Steel & Ordnance 
Co., and to state the conditions which experience there 
has shown to be most conducive to the successful manu- 
facture of high grade acid open hearth steel. 
Before going any further, permit me to explain what 
is meant by the expression “high grade’”’ steel. 


In a broad sense, any steel, which in a perfectly satis- 
factory manner serves the purpose for which it is in- 
tended, may be considered high grade. In the more 
narrow sense, however, in which it is here used, it may 
be defined as a steel which, to be accepted, must pass 
certain more than ordinarily severe tests, where the 
margin between success and failure is so narrow and the 
financial loss by failure so great, that the steel maker is 
not only justified, but compelled, to leave nothing undone 
which in any possible way may improve the quality of 
the steel, regardless of quantity or of any reasonable in- 
crease in its cost of manufacture, in order to insure a 
high percentage of acceptance, when the steel is finally 
submitted to the test. 

The more important products of acid open hearth 
steel, manufactured by Midvale, are as follows: 


Armor piercing projectiles. 

Gun forgings, especially of large caliber. 

Large or intricate forgings such as marine crank 
shafts and connecting rods, bucket wheels and pinion 
Shafts for steam turbines, and other forgings in 
which transverse strength is required. 

4+. Forgings which require a hard and polished surface 

without flaw or blemish, such as hardened rolls. 

5. Special grades of bar steel. 

6. Locomotive and car wheel tires. 


ae 


The order in which the above classes have been 
enumerated may be considered as indicating the relative 
severity of the acceptance tests they have to pass, and 
therefore, the relative degree of quality required, the 
armor piercing projectiles requiring the highest quality, 
with gun forgings a close second, and so on. 

The test required for the acceptance of projectiles is 
as follows: From each lot of 500 projectiles, four are 
selected to be fired against a face hardened armor plate at 
a certain velocity and angle of impact, of which two must 
pass through the plate and remain in effective bursting 
condition. Should this test be a failure, four more pro- 
jectiles may be selected and fired, of which three must 


pass through the plate and remain in effective bursting | 


condition. In the case of 16 inch shells, the cost to the 
contractor of this second test would amount to about 
$20,000. Should it fail, the whole lot of 500 projectiles 
may be condemned, or the contractor may be permitted 
to retreat it and re-submit it as a new lot, which would 
entail an extra expense of approximately $100,000. It 
is thus evident that every possible attention must be paid 


Paper read before seventeenth general meeting of the 
American Iron and Stecl Institute. 
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to the quality of this steel, in order to avoid great finan- 


cial loss, as well as loss in reputation. 


The chief test for acceptance of gun forgings are the 
tangential test bars taken from the breech and muzzle 
ends of the rough machined forgings. As specified, 
these shall be located with their axes in planes perpen- 
dicular to the major axis of the forging, and also with 
their axes perpendicular to the radii, which pass through 
the middle points of the lengths of the bars, and for 
larger gun forgings are to be taken, one from the outer, 
two from the middle, and one from the inner section of 
wall at each end of the forging. The contractor will be 
allowed three official tests only. Where the test spect- 
mens fail to meet the requirements on the third submis- 
sion, the piece shall be finally rejected, with certain ex- 
ceptions. 

The minimum physical qualities of nickel steel gun 
forgings of three-inch caliber and above are as follows: 


T. S. Ibs. E. L. Ibs. Elong. Contr. 

per sq. in. persq.in. percent percent 
Tubes and liners.. 90,000 55,000 18 - 30 
Jackets: ooh. ieee ws 90,000 60.000 18 30 
HOOPS: f-5.44i0. 6064 95 006 65,000 18 30 


Other causes for rejection of gun forgings are ghostli- 
ness, where careful examination shows any lack of con- 
tinuity of the metal slag pockets and sand splits, or cavi- 
ties containing particles of slag, etc., if, in the opinion of 
the inspector, they are serious enough. Bearing in mind 
that the present standard 16-inch 50 caliber navy rifle 
is built up of forgings, made from ingots up to 63-inch 
actagon in section and 200,000 Ibs. in weight, the import- 
ance of taking every possible care to avoid defects liable 
to cause their rejection may be appreciated. 

What has been said of gun forgings applies in greater 
or less degree to the forgings mentioned in Class 3, 
especially where transverse strength is required, as deter- 
mined by transverse or tangential test bars. 

As regards the fourth class, such as hardened rolls, 
the difficulty with them is that after having been forged, 
annealed, machined, hardened, ground and polished, 1f 
then a careful inspection should reveal any imperfection 
in the polished surface, such as a small oxide or slag 
spot, hardly visible to the naked eye, this would condemn 
the roll as being unfit for its purpose. 

In the remaining two classes, No. 5, special grades 
of bar steel, and No. 6, locomotive and car wheel tires, 
we approach the borderland, where the acid and basic 
open hearths compete, and where, except in a few cases, 
it is largely a matter of cost, which one is to be preferred, 
bearing in mind, however, that even in these classes, as 
far as quality is concerned, the acid product is superior . 
to the basic, and, therefore, should command a higher 
price. 

What is the reason then for the superiority of acid 
over basic open hearth steel for the classes of steel 
products just mentioned? That it actually, 1s superior, 
especially for anv forgings depending on transverse test- 
bars for their acceptance, has been repeatedly proven, 
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not only by our own experience, but by that of many 
others in this country as well as in England and France. 
Every attempt for instance, to make heavy ordnance of 
basic open hearth steel, has from all accounts resulted in 
nothing but failure. 

The reason for this is that the quality of the steel is 
measured by its freedom from oxides, and that acid open 
hearth steel is more free from these oxides than basic 
steel, because acid open hearth slag is more effective than 
basic slag by its reactions with the steel to de-oxidize it. 


Of course, there is no open hearth steel, acid or basic, 
absolutely free from oxides, nor is there any other steel, 
no matter by what process made, which under the micro- 
scope does not show oxide spots. 


Therefore, oxidation is only a matter of degree, and 
the various processes overlap, so that a badly melted steel, 
by whatever process produced, may be worse than a well 
melted steel produced by any of the other processes. 
Therefore, when the claim is made that acid open hearth 
steel is better than basic, this holds good only insofar as 
full advantage has been taken of the fact just mentioned 
in regard to acid slag, as compared with basic. 

The effect on the ingot metal of this difference in the 
degree of oxidation may be shown by the following facts: 

1. The amount of de-oxidizing finals, just sufficient 
to produce an acid ingot free from blow-holes, is not 
sufficient to make a basic ingot of similar composition 
solid, but will leave it decidedly blowey. For instance 
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tire-ingots, which are sliced in laths into several blocks, 
and where therefore any lack of solidity in the ingot 
would be discovered, as the blocks are always carefully 
inspected just for such a defect, have proven beyond 
doubt, that basic tire-ingots are much more liable to be 
blowey than acid, and that it is absolutely necessary to 
add more de-oxidizing finals to basic than to acid heats, 
in order to make basic ingots as free from blow holes as 
the acid ones. This proves that basic steel 1s more oxi- 
dized than acid steel. Consequently, the greater amount 
of finals required for de-oxidizing the basic steel, reacting 
with the greater amount of oxides in the steel, will pro- 
duce a greater amount of the non-metallic impurities 
resulting from this reaction, chiefly silicates of mangan- 
ese. 


2. The ingot crystals of basic steel as shown by tire 
ingots, as well as by numerous experiments with other 
grades of steel, are very much larger than those of acid 
steel, poured under the same condition. For this reason, 
and also because basic steel is more oxidized than acid, 
the finely divided oxides, still retained by the crystallizing 
steel and to a greater or less degree expelled by the grow- 
ing crystals into the inter-crystaline space, will thus form 
in the basic ingot a honeycomb of non-metallic impurities 
much more serious than in the acid ingot. The Ferrite 
envelope surrounding the ingot grain, which marks the 
inter-crystaline space as the ingot is cooled down, will 
also be far more distinct in size and outline in the basic 
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ingot and harder to break up by subsequent forging and of ingot impurities on the internal structure of the ingot, 


heat-treatment, but even if this be eventually done, the a longitudinal cross section may now be finished, machined 
non-metallic impurities will still remain and seriously and etched. As a result, there will appear certain dark 
affect the quality of the steel. lines symetrically disposed on either side of the center 

3. To bring out additional evidence as to the effect line, and running in an oblique direction inward and 
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Fig. 2—Open hearth designed to burn oil. 
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upward. These lines are the paths taken by metallic 
segregations high in phosphorus and sulphur, mixed with 
silicates and sulphides of manganese, resulting from the 
reactions in the steel, after it had been poured into the 
mould. These impurities remain fluid during the time 
of crystallization, part of them becoming entangled among 
the ingrowing crystals, while the rest are driven inward 
by the solidifying shell, and upward on account of being 
lighter than the ¢urrounding mother metal, and as they 
progress toward the center and top of the ingot, they 
coalesce into larger and larger globules and _ increase 
more and more in number. They may later be identified 
in the forging made from the ingot, the metallic segre- 
vations high in phosphorus and sulphur as “ghost lines,” 
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especially in the bore of hollow forgings, and the silicates 


of manganese as “slag pockets” or “sand splits” in the 
machined forging, and also as streaks of “‘slag” across 


transverse test bars. 


The composition of the “ghost lines” was determined 
at Midvale some years ago by slicing a transverse section 
off the end of a large hollow forging, made from an ingot 
which had been cast in a sand lined mould and which 
therefore, had a great many well defined “ghost lines” 
On etching this section, the “ghost lines” 
were plainly seen as bright spots, increasing in number 
These spots were drilled 
with a 3/32 in. drill, and the drillings, as well as the sur- 


in the bore. 
from the outside to the bore. 


rounding metal, analyzed with the following result: 
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Cc Mn Fr S Si 
percent percent percent percent percent 
Ghost lines ....... 497 1.026 082 116 .268 
Surrounding metal .498 894 030 047 316 


In regard to the silicate of manganese opportunity 
was Offered for its analysis by finding a large quantity 
that had escaped to the bottom of the shrinkage cavity in 
a 63-inch octagon ingot of basic steel, which had had the 
usual finals for this kind of steel of ferro manganese, 
ferro silicon amd aluminum. The lower part of this 
silicate was a yellow-blue, solid enamel, while the upper 
part was very light and porous, and violet-blue and black 
in color. The compositions were as follows: 


Si O:2 Mn O Al: Os FeO, etc. 


percent percent percent percent 
Lower part ...... 51.60 40.60 7.88 trace 
Upper part ...... 50.34 29.94 18.90 trace 


The defects in the steel, resulting from these lines of 
ingot impurities, will be necessarily more serious in basic 
steel than in acid, specially in regard to the oxides. 

The much less serious effect of the segregations high 
in phosphorus and sulphur, which are the cause of ghost- 
lines, may be modified in basic steel because of the fact 
that this, as a rule, is lower in phosphorus and sulphur 
than acid. 

Having explained what in my opinion are the defects 
caused by oxides on the internal structure of the ingot 
and therefore the advantage of the acid open hearth over 
the basic in being able to produce a steel more free from 
these oxides, permit me to take up in order: 


_First—The proper design of the furnace for high grade 
acid open hearth steel. 


Second—A comparison between producer gas and fuel oil 
for melting. 

Third—An analytical description of the acid open hearth 
process as carried out by Midvale. 

First—Two designs of open hearth furnaces are 
shown, one as adapted for producer gas and the other 
for fuel oil. The nominal capacity of both is 50 tons, 
although charges up to 140,000 Ibs. may be melted. There 
is nothing peculiar in the designs, as far as valves, flues. 
regenerative chambers or stacks are concerned, and these 
parts are therefore not shown. The only unusual feature 
is the great height of the furnace roof over the door sill 
level. This has been a gradual development, and has 
been found advantageous on account of the high and long 
sustained temperature necessary to carry out the chemical 
reactions during the de-oxidizing period of the process. 
The high roof provides a large combustion chamber, 
which permits a full and free development of the flame, 
and at the same time avoids damage by the intense heat 
to the roof and walls of the hearth. Even so it is advis- 
able with a new furnace to keep it working a few weeks 
on the less exacting grades of steel, such as tires and 
bar steel, in order to harden it, before turning it over on 
the higher grades, as not even the best quality of silica 
brick will stand at the beginning the high temperature 
required for these. Towards the end of its life, the fur- 
nace as a general rule has again to be put back on lower 
grades of steel, as on account of impaired condition of 
checkers and draught, it is no longer sharp enough for 
making high grade steel. 

No water cooled devises of any kind are used in the 
walls, roof or ports of the furnace, as it has been found 
as a result of many trials that even when used to a very 
limited extent, their cooling effect interferes with the 
sharp working of the furnace. The only water-cooled 
parts used are the charging doors, as they are far enough 
removed from the interior, not to have a noticeable effect 
on the heat. 
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It may be of interest to give here a comparison be- 
tween the life of acid and basic open hearth furnaces, 
when melting with producer gas as well as with fuel oil, 
as measured by the average number, of months from the 
time of charging the first heat after a general repair, 
until the time of tapping the last heat before the next 
general repair. The average number of months is given, 
rather than-the average number of heats, on account of 
the great variety of heats made, some requiring twice as 
long a time as others, and is based on our records for the 
last five years. 


Average Life of Open Hearth Furnaces. 


Basic furnaces on producer gas .............. 9.1 months 
Basic furnaces on fuel ol] ............ see eens 10.7 months 
Acid furnaces on producer gas ............... 11.2 months 
Acid furnaces on fuel oil .............-..0025: 12.6 months 


Second—Not much time needs to be taken for the 
comparison between the two kinds of fuel, producer gas 
and oil available for melting. Just as good steel can be 
made with one as with the other. Oil is more oxidizing 
than gas, and, therefore, requires a greater proportion 
of pig iron in the first charge and a higher temperature 
after the heat is melted to settle up to the metal. On 
the other ham, oil cuts down the repair cost, requires 
fewer men per furnace, increases the production, per- 
mits better control of temperature, and extends that 
part of the life of the furnace, which is available for 
making high grade steel, almost to the very end, as the 
direction of its flame is controlled from the outside, and 
it is less affected by the condition of checkers and 
draught for generating a high temperature. 


Taking it all in all, oil is, therefore, much to be pre- 
ferred as long as its price is not prohibitive. 


Third—Before going into the details of an analytical 
description of a heat of high grade acid open hearth steel, 
permit me to state the salient points of the heat in review, 
M.K. 13-126, as shown by its “Melting Order.” The 
heat was made for steam turbine bucket wheels, which 
require tangential strength, and therefore, their accept- 
ance depends on physical properties as shown by tangen- 
tial test bars. Hence, high grade acid open hearth steel 
is used for their manufacture. 


It is a simple heat of plain carbon steel and its treat- 
ment is typical of the class of steel to which it belongs. 
Though not especially selected for this analysis, it may 
be considered a good, clean heat, without unnecessary 
complications, and is therefore, suitable to illustrate the 
principles followed in the treatment of the highest grade 
of steel. 


The initial charge of 141,000 Ibs. melted in a 50-ton 
acid furnace of the design shown, consisted of 35 per 
cent of pig iron and 65 per cent of scrap. The estimated 
carbon, manganese and silicon in the charge were C 1.72 
per cent, Mn. 1.74 per cent, Si. .64 per cent. Time con- 
sumed for heat in furnace follows: _ 


Time of charging (in two periods)...... 1 hour 45 minutes 
Time Of Meling: iccsed esac viedea veces ans 5 hour 50 minutes 
Time in furnace after melting ......... 7 hour 10 minutes 

Total time in furnace .............. 14 hour 45 minutes 


The history of the heat, after the initial charge was 
melted, may be thus summarized: 


1 hr. O min. after melted—addition of 400 lb. lmestone. 

2 hr. O min. after melted—addition of 1,000 Ib. iron ore. 

4 hr. 50 min. after melted—bath thoroughly revelled. 

6 hr. 10 min. after melted-—oil and air shut off. 

6 hr. 50 min. after melted—addition of 1,015 lb. ferro-man- 
ganese. 

7 hr. 10 min. after melted—heat tapped. 

8 hr. O min. after melted—heat poured off. 
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The analysis of the go-ahead test, taken 1 hour 10 
minutes before tapping, and the C, Mn, and Si, obtained 
from 1015 lbs. of ferro manganese added 20 minutes be- 
fore tapping, are shown in the following table: 


Mn Si 

Anal. of go-ahead test .49 27 .24(judged by fracture) 
Addition of ferro mn. .05 01 
EOL eek RAR aes 54 24 25 


The table below shows the chemical composition of 
the heat as aimed at, and as obtained: 


Composition C Mn P S Si 
Nimed. als aohecd ase 50 65 050 050 Wn) 
()btaimed ........... AY .68 036 038 27 


On account of the high percentage of Mn in the 
initial charge the slag remained greenish yellow in color 
from the time the heat was melted until it was tapped, 
with only slight variations in shade. 

The steel was poured into 23-inch octagon moulds, 
9 ingots = 10,500 lbs. and 3 ingots = 11,400 Ibs. in 
weight. 

The ingots, after cooling, were sent to the machine 
shop to be sliced into blocks, and these blocks were then 
forged under a steam hammer into bucket wheels for 
steam turbines. : 

To facilitate the analytical description of this heat, 
a graphical analysis chart has been plotted and drawn, 
showing its chemistry from the time it was melted at 2:50 
a.m. until it was tapped at 10 a. m. 


Eight breaking tests were taken at various times and 
poured into a standard test mould, about 2 inches deep 
by 2 inches wide by 6 inches long. These tests were 
broken amd each fracture photographed as shown. At 
the same time other tests were taken, both of steel and 
slag, for chemical analysis. The steel tests were analyzed 
for C, Mn, and Si, and by plotting these determinations 
on the “analysis of steel” chart, curves were obtained 
showing the changes in these elements. 

The slag tests were analyzed for SiO,, MnO, FeO, 
Fe,O,, CaO, MgO, Ci,O;, and Ai,O,, but to avoid con- 
fusion only the three most important of these oxides, 
SiO,, MnO, and FeO, were plotted on the ‘Analysis of 
Slag” chart, to show the changes taking place in the com- 
position of the slag during the progress of the heat. The 
a analysis of each slag test is given on the following 
table: 


Slags From M. K. 13—126. 


4 

e O ) 5 . COAG “a 

S$ =« @ 3 @ & S& & EQ39 § 

a = ay 1, oO © ff 2@Wmo & 
1 550 280 111 14 26 #3 214 46 43.1 1004 
2 570 250 103 6 39 3 14 6 398 £991 
3 587 227 NO 7 39 2 19 8 379 £2999 
4 67 213 #105 9 #33 2 15 8&8 340 993 
5 622 187. 127 10 25 2 #15 7 349 £995 
6 630 165 139 9 25 2 15 5 338 £990 
7 585 180 15.5 21 24 2 16 6 380 #989 
8 584 188 150 4 24 2 15 5 3%6 97.2 


*Any metallic Fe present was determined as FeO. This 
would result in a high figure for FeO, and a low figure 
for Fe:02 


Commencing with test No. 1, taken at 3:05 a. m., or 
15 minutes after the heat was melted, its analysis shows 
the oxidation of C., Mn. and Si, during the time of melt- 
ing by comparing it with the estimated percentage of 


these three elements in the initial charge. C has dropped | 


from 1.72 per cent to 1.17 per cent Mn from 1.74 per cent 
to .2l per cent, and Si from .64 per cent to .07 per cent. 
A considerable percentage of Mn in the first charge is 
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highly desirable, because by its oxidation during the melt- 
ing it gives a clean slag, greenish yellow in color, almost 
from the start and if the pig iron don’t contain enough 
Mn, this deficit is made up for high grade steel by the 
addition of ferro manganese to the initial charge. A 
high percentage of both Mn and Si is also desirable in 
the initial charge on account of their oxidation being an 
exothermic reaction, facilitating the melting and giving a 
bath hotter and less sluggish with iron oxide by the time 
the charge is melted. Both these elements oxidizing at 
a lower temperature than carbon, their oxidation, as far 
as it goes, is practically complete by the time the charge 
is melted, while the carbon is still comparatively high. 

Care is now necessary in the addition of iron ore for 
decarburizing the metal, as this is an endothermic reac- 
tion, absorbing heat and requiring a high degree of tem- 
perature for a vigorous reaction between the oxygen of 
the ore and the carbon of the steel. If the addition of 
ore is made too soon, or in too large a quantity, its chill- 
ing effect may so retard this reaction, that when finally 
the high temperature required is reached, and the bath 
goes into a boil, this will carry the decarburization so 
far that by the time the bath is well settled up, the carbon 
in the steel is well below the carbon aimed at. This 
would necessitate additions of spiegel and pig iron in 
order to recarburize the heat. Such a condition is almost 
fatal to the production of high grade steel, because the 
lower the carbon in the go-ahead test as compared with 
the carbon aimed at, and therefore the greater the addi- 
tion of recarburizing finals, the greater will be the amount 
of silicate of manganese produced. This may quite likely 
lead later on to the condemnation of the forgings made 
from such a heat on account of “sand-splits or “slag- 
enclosures,” or on account of transverse test bars failing 
in extension and contraction, due to streaks of “greenish 
slag” or “woody structure,” caused by these streaks, or 
in the case of projectiles, on account of cracks starting 
from small slag enclosures during the hardening process, 
or on account of the projectiles, selected for the firing 
test, breaking up in striking the face-hardened armor on 
account of the weakening effect of these concealed im- 
purities. 

Hence the reason for the note on the melting order: 
“Add no ore until two hours after melted.” Except 
steadily increasing the temperature of the heat during 
these two hours, the only thing done was the addition of 
400 lbs. of limestone one hour after the charge was 
melted. By displacing a certain amount of iron oxide in 
the slag, and making it more fluid, the limestone seems 
to put it in a better condition for subsequent reactions, 
at least where there is a low manganese content in the 
initial charge. 

This, however, is in my opinion the only time, when 
addition of lime is of any value. If done later during 
the de-oxidizing period of the heat it will simply undo 
all the good that has been done because in replacing 
the FeO in the slag then, it will drive this into the 
steel to oxidize the silicon and manganese and make 
the bath again raw and unsettled. 

At the end of these first two hours test No. 2 was 
taken. This shows the oxidation of the carbon, slow 
at first, on account of lack in temperature, now well 
under way. There having been as yet no addition of 
iron ore, this oxidation is caused by the rust in the 
initial charge, by oxidation of the charge in melting, 
and by the oxidizing effect of the flame itself. 

The higher temperature of the slag is also shown 
by its slightly higher percentage of SiQ,. 

Test No. 3, taken 40 minutes after No. 2, shows 
the oxidation still going at the same rate, due to the 
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addition of 1,000 pounds of iron ore during the in- 
terval. The only effect of this addition on the slag 1s 
a slight increase in FeO, the SiO, continuing to rise 
and the MnO slowly decreasing by dilution with the 
SiO,, taken up by the slag from the bottom along the 
slag line. 

Test No. 4, taken one hour and seven minutes 
after No. 3, shows the oxidizing period at an end. The 
SiO, in the slag has now gone up from 55.0 per cent, 
15 minutes after the heat was melted, to 60.7 per cent, 
while the two chief bases, MnO and FeO, have 
dropped from a total of 39.1 per cent to 31.8 per cent, 
in spite of the lower carbon in the steel. But most 
marked, and showing that the de-oxidizing period has 
set in, is the increased percentage of Si in the steel, 
caused by the reaction between the carbon of the 
steel and the SiO, of the slag, according to the for- 
mula: 2C + SiO, = Si + 2CQ. Whereas, during 
the melting of the charge on account of the low tem- 
perature then prevailing, the oxidation of Si was go- 
ing on at a much greater rate than the oxidation of 
the carbon, with the steadily increasing temperature 
this oxidation of Si was first checked, then held, until 
finally a complete reversal has taken place, the very 
high temperature now reached having so increased 
the affinity of carbon for oxygen, that it is able to 
reduce Si out of SiO,, leaving the Si free in its nas- 
cent, and therefore most efficient state, to de-oxidize 
the steel, as shown by the increasing solidity and 
freedom from blow holes of subsequent tests. This 
reaction is the essential point, that accounts for the 
difference between acid and basic steel, and _ that 
makes acid steel superior to basic. 


What has just been said in regard to the effect of 
the increased temperature on the relative affinity of 
C and Si for oxygen, is also shown to have taken 
place in the relative affinity of C and Mn for oxygen, 
the C now reducing Mn out of the MnO of the slag, 
the nascent Mn also assisting in the de-oxidation of 
the steel. This manganese reaction, however, which 
also may take place in a basic open hearth heat, is 
much less effective than Si in de-oxidizing the steel, 
because the de-oxidizing effect of Mn is much less 
than that of Si, the latter, according to Brinell, being 
5.2 times more effective than the former. 


Test No. 5 shows the characteristic ‘worm holes” 
well developed from the increased absorption of Si, 
which has gone up to 23 per cent. The only thing 
done with the heat between tests Nos. 4 and 5 was to 
give the bath a thorough revelling with steel bars to 
facilitate the liberation of gas. Nothing else is now 
being done except to keep on pushing the temperature 
higher and higher and thus promote the reaction be- 
tween C and SiQ,. 


The reason why the carbon curve is still on a 
downward slope, in spite of the now well settled up 
condition of the bath, is no longer the reaction be- 
tween the iron oxide of the slag and the carbon of the 
steel, which occurred during the oxidizing period of 
the heat, but the reactions of the de-oxidizing period 
between the carbon in the steel and the SiO, and the 
MnO of the slag, the Si and Mn, as previously ex- 
plained, being constantly reduced to act as carriers in 
de-oxidizing the steel, while the CO, resulting from 
this reaction, bubbles slowly up through the slag. 
Assuming that when No. 5 test was taken, the per- 
centage of Si and Mn in the steel were the same as 
when No. 3 test was taken, it may be shown by a 
simple calculation, that the carbon then would have 
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been about .67 per cent, instead of having dropped to 
.54 per cent, so that but for this later reaction of the 
de-oxidizing period, the carbon line would have been 
almost horizontal. 

Test No. 6 shows the de-oxidizing process almost 
complete, the “worm holes” of the previous test hav- 
ing been nearly obliterated by the steadily increasing 
percentage of Si. The heat would now have been 
ready for the final addition of ferro manganese made 
just before tapping, except for the fact that the car- 
bon, according to the first go-ahead test, was still a 
little too high, or .53 per cent. A second go-ahead 
test had therefore been taken out 10 minutes ahead of 
test No. 6, and on this being reported as being down 
to .49 per cent carbon the ferro manganese was added 
at 9.40 a. m., and the heat tapped at 10.00 a. m., or 
20 minutes later. 

Test No. 7, taken just before adding the ferro- 
manganese, is very little different in appearance from 
test No. 6, while test No. 8, taken after the addition 
of ferro-manganese, and just before tapping the heat, 
is absolutely solid. The Si in this test was .30 per 
cent, while the Si in the heat test, taken while pour- 
ing the steel into the moulds, was .27 per cent, which 
shows that the Si in the steel, while still in the fur- 
nace, is ‘higher in the stratum close to the slag, from 
which test No. 8 was taken, and where the reduction 
of Si from the slag is taking place, than the average 
Si of the whole mass of steel. 

Aluminum and titanium are never used for de- 
oxidizing steel in which transverse strength, as de- 
termined by transverse tests, is required, because the 
oxide of these elements have a very baneful effect on 
the physical properties of such tests, even when used 
very sparingly. It is difficult to believe, but it is 
nevertheless a fact, that this effect of aluminium, 
added into the ladle at the rate of one pound of 
aluminum to 10,000 pounds of steel, and held 25 
minutes before pouring, very iikely will cause the 
condemnation on account of failing test bars if a gun 
forging made from this steel. 

There is one more point in regard to the chemistry 
of this heat that requires an explanation. That is the 
shutting off of the oil and air, which also implies the 
lowering of the stack-damper, one hour before tap- 
ping. 7 

It may be noticed on the “Analysis of Steel” chart, 
that this had no effect on the C, Mn and Si curves. 

On the “Analysis of Slag” chart, however, the re- 
sult was a sudden drop in the SiO, curve, and a cor- 
responding, but less marked, rise in the MnO and 
FeO curves. This, of course, does not mean a loss of 
SiO,, as far as the actual weight of this oxide in the 
slag is concerned. What has occured is an absorption 
by the slag of an additional amount of the two basic 
oxides, MnO and FeO, from the same source, thus 
making the slag less acid than it was before. 

The thermal effect was a very decided cooling of 
the slag, while, on account of slag being a poor heat- 
conductor, the temperature of the steel underneath 
the slag was, by comparison, only slightly lowered. 

The reasoning which first led me to try this treat- 
ment with the point in view of still further de-oxidiz- 
ing the steel, was this: 

As the temperature of an acid heat rises, by de- 
grees de-oxidizing the bath through the reactions 
between the slag and the steel made possible by this 
rise in temperature, a point is finally reached where 
this reaction has to be stopped, in order not to get the 
steel too high in Si. (Continued on page 385) 
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Development of Hot Process Water Softener 


Process Takes Advantage of the Fact That Chemical Reactions 
Are More Rapid and Complete in Hot Water Than in Cold Water. 
Effect of Heat Upon Reactions. 


By GEORGE GIBSON. 


HE hot process softener in its present form is a 
T recent development. By taking advantage of the 

fact that chemical reactions are more rapid and 
complete in hot water than in cold water, more efficient 
removal of scale and sludge forming substances are 
obtained. The apparatus performs the functions of the 
open-water heater usually found in steam boiler plants, 
in addition to those of a softener, and less space, lighter 
foundations, less housing, less piping and fewer fittings 
are required than for a cold process softener plus an 
independent heater. There are several reasons why scale- 
forming matter is more completely removed from hot 
water than from cold water. 


Effect of Heat Upon Reactions. 


Chemical reactions are enormously accelerated by 
heat. This is a well known and generally recognized fact, 
and was used in the household for ages before it assumed 
the dignity of a law of chemistry. Everyone knows that 
dishes and clothes are washed more rapidly and 
thoroughly in hot water than in cold water. Paper pulp 
is causticized in hot water, etc., etc. 

Some years ago experiments were made in the 
chemical laboratory of the Harrison Safety Boiler Works 
to determine the effect of temperature upon the reactions 
which take place between softening reagents, and scale- 
forming matter in boiler feed water. The results are 
shown graphically in Fig. 1. 

It will be seen that the reduction in hardness, that is, 
in content of calcium and magnesium salts, is much 
greater at the end of 10 minutes in water at 210 degrees 
F. than at the end of five hours in water at 50 degrees F., 
in fact 24 hours treatment in cold water does not bring 
the scale-forming matter down as much as does 10 
minutes treatment in hot water. Subsequent heating to 
the boiling point of the sample which has stood at 50 
degrees F. for five hours reduces the magnesium hydrate 
to less than 1 grain per gallon, but the same result 's 
obtained in hot water in 10 minutes. In performing these 
experiments, only sufficient softening chemical was added 
to combine with the scale-forming substances. In prac- 
tice a slight excess is used, which reduces the hardness 
to lower figures. 


Effect of Heat Upon Sedimentation. 


The precipitates resulting from the transformation of 
scale-forming substances also settle more rapidly and 
completely from hot water than from cold water. Solid 
particles suspended in water settle to the bottom if their 
density is greater than that of the water or rise to the 
top if their density is less than that of the water. The 
force acting upon the particles is its weight less the 
weight of water displaced, and the force by which it is 
resisted depends upon the extent of its surface and thie 
viscosity of the fluid in which the particle is suspended, 
multiplied by the velocity of fall. A maximum velocity 
is reached at which the retarding force is just equal to 
the accelerating force. 

Obviously a large particle will settle more rapidly 


than a small particle because it contains a greater mass, | 
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and hence 1s acted upon by a greater force, in proportion 
to its surface. 

In a water softener the precipitated particles are of 
various sizes, and possibly of different densities, but any 
given particle will fall through the water at a rate depend- 
ing upon the viscosity and it is therefore of interest to 
note that the viscosity of water at 212 degrees F. is only 
one-sixth of the viscosity at 32 degrees F., while as be- 
tween water at 68 degrees F. and water at 212 degrees F., 
the increase in velocity of fall will be about four times. 

Therefore, the rate of flow can be four times as great 
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Fig. 1—Chemical proportioner. 


in a hot-process softener as in a cold process softener 
without carrying particles of a given size to the pump 
supply pipe, or, to put it in still another way, with a 
given rate of flow through the settling chamber much 
smaller particles can be separated out in the hot-process 
softener than in the cold process softener. 

It is therefore plain why the preliminary heating of 
the water, a feature which is peculiar to the hot-process 
softener, gives more complete chemical reactions and. 
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more thorough removal of the resulting precipitates. 

For proportioning the re-agents to the raw water sup- 
ply in softeners various mechanical arrangements have 
been devised. 
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Fig. 2—Sorge Cochrane hot process softener complete with 
chemical reagent tank, flow proportioner and sand filter. 


In some softeners, the raw water flowing to the 
softener turns a water wheel or operates a tilting bucket 
which in turn operates dippers by which the reagents are 
ladled out to be mixed with the raw water. In other 
softeners, a certain portion of the water, divided from 
the main supply by means of orifices or weirs, flows 
through chambers containing the reagents. In one such 
proportioner, the water in flowing through the reagent 
tank becomes saturated. This method is faulty, how- 
ever, since solubility varies greatly with temperature. 

These methods, however, are well adapted for feed- 
ing chemicals to a hot-process softener, which should be 
designed for operation under a few pounds back pres- 
sure, since it is necessary to carry a few pounds back 
pressure upon the exhaust steam, in order to insure a 
temperature of at least 205 degrees F. of the treated 
water at all times. 

The chemical proportioner used in the Sorge-Coch- 
rane Hot-Process Softener to regulate the feed of 
chemicals in proportion to the flow of raw water is a true 
flow proportioner. The chemical to be fed to the softener 
is forced through an orifice by a pressure just equal to 
the differential pressure set up by the flow of the raw 
water through an orifice in the supply pipe. 

Besides being accurate the device used has other 
advantages : 

Only one chemical solution tank is required, which is 
at the ground level, where it can be charged without 
hoisting of chemicals or inspected without climbing a 
ladder. 


The motor which drives the circulating pump also 
drives agitating paddles in the tank. Milk of lime can 
thus be kept in suspension and fed as well as purely fluid 
reagents. The large saturator tanks necessary where 
lime water is used are eliminated and the difficulty due to 
the fact that lime water varies in strength according to 
temperature is avoided. Solutions of caustic soda or 
sodium carbonate, lime water, milk of lime, or any mix- 
tures, are all handled equally well and fed accurately. 
The accuracy with which the solution is fed is well within 
2 per cent, which is closer than attendants will measure 
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out chemicals into the chemical tank. 


The Sorge-Cochrane Hot Process apparatus, as may 
be seen in Fig. 2 is simple and compact. The open heater, 
with an oil separator attached for purifying the exhaust 
steam used for heating the water, is mounted directly 
over the reaction and sedimentation chamber. ‘lhe water 
is heated to steam temperature by spraying it over trays, 
which also serves to release oxygen and other dissolve.l 
gases. It is then mixed with the reagents and falls di- 
rectly into the sedimentation tank. There is no con- 
stricted piping between heater and tank to become choked 
with scale. In fact, the water does not pass through 
piping from the time when it is first heated until it has 
been through the sedimentation chamber, even the over- 
flow receiving only settled water. 


The precipitated matter deposits in the conical bottom 
of the sedimentation chamber, from which it can be 
quickly washed by the opening of a single valve. In 
order to eliminate convection currents, the hot water and 
the softening reagents are delivered at the top, and travel 
slowly to the bottom, from which the clarified water is 
drawn off by an inverted funnel. The precipitates formed 
when the water is first mixed with the chemical fall 
through the water below, securing a screening effect and 
gathering together the small particles. All precipitates 
are carried to the conical bottom of the tank from 
which they are readily blown out by opening a sludge 
valve at the lower end or apex of the cone. 


Filters. 


The removal of scale forming matter at high tem- 
perature by sedimentation is so effective that for many 
waters and plant conditions it is entirely practicable to 
dispense with filters. Many softeners are accordingly 
installed without filters and are successfully protecting 
the boilers from scale and corrosion, even though the 
softened water contains a slight amount of suspended 
matter. Other conditions demand the use of filters, for 
which a low-pressure sand filter is placed between the 
sedimentation tank and the boiler feed pumps or meter, 
the water flowing through the filter by gravity. These 
filters deliver a crystal-clear water which contains no 
solids except those in solution and no mud-forming 
properties except the amount which is below the exceed- 
ingly low limit of solubility of calcium and magnesium 
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Fig. 3—Horizontal sand filter. 


momocarbonates, silica, etc., at the boiling point. This 
water will leave no troublesome deposit in the feed lines, 
pumps or meters and is particularly suitable for boilers 
operated at high ratings. 
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Heating Furnaces and Annealing Furnaces 


Coal on the Grate—Natural Draft—Semi-Gas Firing—Notes on 
Stoker Firing—Ratio of Grate Surface to Hearth Area— 
Quantity of Coal Burnt Per Square Foot Grate Surface and Hour. 


By W. TRINKS. 
PART XVIII. 


\ND FIRED coal grates on heating furnaces 

and annealing furnaces with natural draft are 

today quite scarce, and rightfully so, because 
they result in enormous waste. The arrangement of 
the grate is diagramatically shown in Fig. 117. Coal 
burns just as it would on a boiler grate; when the 
gases leave the fuel bed they are not completely 
burned because the hot carbon dioxide which is 
formed in the lower layers of coal, is reduced to car- 
bon monoxide in the upper layers. Combustion can 
be made complete by the presence of oxygen above 
the fuel bed. If the coal is in the shape of large 
lumps and does not break up into small pieces in the 
fire, the air which is necessary for completing com- 
bustion above the fuel bed will pass through the air 
channels formed between the large lumps. Mixing of 
air and combustible gases will then be fairly good, 
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Fig. 117. 


and combustion will be almost complete before the 
gases strike the steel. For that reason large lump 
coal is desirable for this method of firing. If, on the 
other hand, run of mine or small lump coal is used the 
air for combustion above the fire cannot pass up 
through the coal and must come in through openings 
above the fuel bed, for instance, through the fire door, 
see the arrow in Fig. 117. In that case the mixing of 
air and of combustible gases is very poor and com- 
bustion frequently extends away into the flues or 
even into the stack. 

Since, in this type of furnace grate, the force for 
moving air and gases is furnished solely by stack 
draft, there must be draft (that is to say, a partial 
vacuum) in the furnace. Air is drawn in through 
every crevice and through the openings around the 
furnace doors.- Oxidation of the steel is excessively 
great, the degree of oxidation depending upon the 
tightness of the furnace structure and upon the care 
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of the heaters. In furnaces with natural draft, the 
door frames and sills are occasionally made to extend 
outwardly for six inches or more so that the heaters 
can pile up coal or coke, ashes or cinders on the out- 
side of the door and thus reduce any infiltration or 
oxidation. This procedure is, of course, more or less 
of a nuisance. In order to keep the inrush of cold air 
into the furnace from being excessive, engineers use 
a large grate in comparison to the hearth area. How- 
ever, it is unnecessary to give dimensional data on 
this type of firing, because it is never used in new in- 
stallations. 


It is quite evident that to maintain a slight pres- 
sure in the heating chamber of the furnace, we must 
blow air through the grate, which means closing up 
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Fig. 118. 


the ash pit. While this action prevents infiltration of 
air and thereby protects the steel from oxidation, it 
also interferes with combustion unless air is blown 
in above the fuel bed. It is true that the latter pro- 
cedure is not absolutely necessary, because free air 
can pass up through the fuel bed, if good lump coal 
is used, but the expense and trouble of securing such 
coal make its use undesirable. For that reason, air 
is blown in above the fire by a blower. This portion 
of the air is commonly referred to as secondary air. 
If such air is not fund ihe flame is very smoky with 
a thick fuel bed and very rash with a thin fuel bed. 
The closed ash pit naturally interferes with clean- 
ing of the fires. For that reason, the ash pit door is 
occasionally split up into two sets of doors as shown 
in Fig. 118. The upper door is made quite shallow, 
but is large enough for operating the slice bar . 
One great trouble with coal fired furnaces is the 
clinker which forms and sticks to the brick. Fre- 
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quently (depending upon the rate of combustion and 
ine composition of the ash), the clinkers build up 
from the four sidewalls of the grate to such an extent 
that they must be chiseled off every Sunday. Clinker 
trouble is reduced if steam is passed up through the 
fuel bed. It is a well known fact that steam breaks 
up clinker and keeps it from building up on the walls. 
Besides, if a mixture of air and steam is passed 
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Fig. 119. 


through a thick fuel bed, the latter is practically con- 
verted into a gas producer, and furnaces fired by this 
method are known as semi-gas fired furnaces. In 
Part 15, mention was made that the application of 
semi-gas firing allows a uniform distribution of heat 
over the hearth by introduction of secondary air in 
various places. 

In practice, the considerations of the foregoing 
paragraphs are carried out in various ways. In many 
furnaces a steam jet induces air into the ash pit, while 
a fan blower furnished dry secondary air beyond the 
bridgewall. Fig. 119 shows a grate and furnace of 
this type. A steam jet type which does away with 
the closed ash pit was recently developed in Germany. 
It is shown in Fig. 120. In this type of furnace the 
grate lies in a trough through which air and steam 
are blown. The refuse moves over to a back grate 
where opportunity is given for burning out the carbon 
from the ashes. The raking out of the ashes is made 
easier than in the closed ash pit type. 

Another method consists in having the same 
blower furnish both primary and secondary air and 
in running exhaust steam from an engine or hammer 
into the ash pit. Still another method consists in 
raising steam in a water box above the level of the 
grate (see Figs. 121 and 122), and leading it below 
the grate. This arrangement keeps the clinkers from 
building on to the brick and can be used where neither 


SECONDARY 
A v, 
AUR jf ZI. 


WBS 
VLG — 


/ 


Fig. 120. 


exhaust steam nor live steam are available. On the 
other hand, it requires a naturally soft water. If the 
water is hard, the box promptly fills up with scale. 
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This criticism applies particularly to the plain box, 
Fig. 121. The water box of Fig. 122 is much better, 
for several reasons. The part which fills up with 
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Fig. 121. 


scale can be removed without disturbing the brick- 
work above the box. The part which is exposed to 
the fire can expand and contract independently. The 
top of the box, not directly in contact with the water, 
is protected against heat by a layer of brick. This 
box (Fig. 122) was designed by the George J. Hagan 
Company, furnace engineers, Pittsburgh. Patent pro- 
tection has been applied for. 

The operation of any hand-fired grate depends 
upon the skill and the good will of the fireman. The 
latter may shovel coal regularly, slice and stoke reg- 
ularly, keep the fire at the currect thickness, or else 
he may shovel large quantities in long intervals, al- 
low ashes and clinker to build up, etc. In hand-fired 
furnaces there is the possibility of an inrush of cold 
air when the fire door is open, although it can be 
avoided by a proper manipulation of the dampers. 
Finally, hand firing necessarily involves physical 
labor which is not very pleasant in front of a hot fur- 
nace. For all of these various reasons stoker firing 
has become quite popular with coal-fired furnaces, but 
in spite of this growing popularity of the stoker, we 
should guard against the belief that the installation 
of a stoker necessarily means an increase in fuel ef- 
ficiency and better furnace operation. I know of cases 
where stokers were installed with that hope and where 
they were later taken out, because the results were 
inferior to hand firing, the furnaces being so cramped 
that there was not room enough for flame develop- 
ment in a stoker. What the mechanical stoker does 
accomplish is to abolish the physical labor of shovel- 
ing, and that in itself, is enough to attract a some- 
what higher class of labor, but unfortunately, not all 
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stokers do away with the physical labor of clinker 
pulling, which feature should be carefully considered 
in the selection of a stoker for furnace work. 
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From reasoning in the early part of this install- 
ment it is clear that only those stokers can be con- 
sidered which work with pressure in the ash pit. It 
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also follows that stokers should act as semi-gas pro- 
ducers, which condition requires a deep fuel bed. 
Prevention of excessive smoke under this condition is 
obtained with underfired stokers, two types of which 
are in common use on furnaces, namely the type “H”’ 
of the Combustion Engineering Corporation, see Fig. 
123, and the Jones stoker of the Underfeed Stoker 
Company of America, see Fig. 124. In either type, 
the green coal is pushed in through a retort. In the 
type “H” stoker feeding is accomplished by means of 
a screw, while a ram is used in the Jones stoker. One 
stoker empties the mixture of coke, ash and clinkers 
onto side grates, while the other stoker empties it 
onto dead plates. 


In either case there usually exists a zone of heavy 
fuel from which combustible gases rise, and a zone 
of thin fuel from which excess air rises, unless an 
unusually heavy fire is carried, in which case com- 
bustible gases rise without excess air coming in 
through the stoker. Secondary air is then supplied 
in the usual manner, for instance, through the bridge- 
wall, see Fig. 125. For good combustion and for the 
sake of efficiency, secondary air must be dry. It 
should never be blown in by a steam jet. 


As proof of the statement that a stoker needs just 
as close attention as a hand fired grate, the following 
reasoning is offered: If, in a stoker, the blast is 
turned on too strong in comparison to the fuel feed, 
the fuel bed will become thinner and thinner, the fire 
will become too hot, and a rash, oxidizing flame will 
result. If, on the other hand, the blast is turned down 
too low, the fire will gradually become thicker, and 
colder. Any fuel bed is inherently unstable, but in 
hand firing, the fireman discerns thin, bright spots 
and covers them up. The constant necessity for 
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Fig. 124. 
watching the fire arising from hand firing does not 


exist in stoker firing; in consequence, the danger of 
letting the fire get out of adjustment is much greater. 
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The grate area in coal-fired furnaces varies be- 
tween the limits of 18 per cent and 30 per cent of the 
hearth area. The smaller area holds for good lump- 
gas coal. It might, at first thought, be imagined that 
high temperature furnaces (2,10U to 2,300 degrees F.) 
would require large grate surface for a given hearth 
and that low temperature furnaces could get along 
with a smaller grate. But this is not so. A low tem- 
perature (say 1,500 to 1,600 degrees F.) furnace needs 
a low temperature grate and the latter is obtained 
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Fig. 125. 


only by a low rate of combustion. The temperature 
of the top of the fuel bed is determined as a balance 
between heat addition (due to combustion) and heat 
abstraction (due to the heat in the gases leaving the 
fuel bed and due to radiation). From this fact, it 
follows that a high rate of combustion produces a hot 
hre, and a low rate of combustion results in a dull 
fire. But since the latter is wanted in a heat treating 
or in an annealing furnace, a slow rate of combustion 
must be used, which, of course, means a large grate. 


Expressed in different terms, the required grate 
surface may be given by the quantity of fuel burned 
or gasified on it. Generally speaking, that amount 
depends upon the quality of coal, size of lumps, vol- 
atile matter, quantity and composition of ash, upon 
the design of the grate, and upon the draft, but for 
heating furnaces, additional considerations enter. 
Some of them were mentioned before and need not 
be repeated; there is, however, one additional con- 
sideration, namely protection of the brickwork and of 
the stoker. While it is possible to burn 75 pounds of 
good gas coal per hour on one square foot of grate 
surface with one inch of water draft, the temperature 
of the fuel bed resulting from so high a combustion 
rate burns out the roof over the grate and over the 
bridgewall in a few days. For that reason, 25 pounds 
per square foot and hour are seldom exceeded on 
heating furnaces for high temperature work, while in 
annealing furnaces 10 to 12 pounds per hour and 
square foot are an average value. It is, of course, 
quite possible to burn coal at a higher rate in anneal- 
ing furnaces, but in that case, the grate surface be- 
comes much too small in comparison to the hearth 
area, and it becomes difficult, if not impossible, to 
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secure uniformity of temperature all over the hearth. 
The truth of this statement will be realized from the 
steps which we find. necessary for securing fairly uni- 
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form temperature with rate of combustion as low as 
8 pounds per square foot and hour, see Fig. 126. In 
this illustration, the width of the grate is less than 
that of the hearth. Uniformity of temperature is ob- 
tained by a gradual widening of the firebox in an up- 
ward direction, and by the shape of the top of the 
bridgewall. 


In computing the rate of combustion on stokers, 
it is customary to divide the coal burned or gasified 
per hour by the horizontal area of the firebox, which 
equals the area of the retort plus that of the side- 
plates. If that method of calculation is followed, the 
rate changes between 6 pounds and 32 pounds per 
square foot and hour. The latter rate is a catalogue 
rate which should not be carried out in practice be- 
cause it results in a high maintenance cost due to 
burning out of tuyeres and due to excessive forma- 
tion of clinkers. 

In view of the facts that coal must be delivered to 
every coal-fired furnace, that ashes must be hauled 
from it, and that the removal of clinkers causes dif- 
ficulties, the question is justified why coal-fired fur- 
naces still exist. The answer is that, in many local- 
ities, coal is very much cheaper than oil, city gas or 
natural gas, if the latter is at all obtainable, and that 
the installation of a gas producer or a water gas gen- 
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erator does not pay for a single furnace or for a small 
group of furnaces. Furthermore, it has been found 
that the fuel economy which is actually obtained with 
gas-fired or oil-fired furnaces is, in many cases, much 
lower than might be expected from the theoretical 
possibilities of such methods of firing, because mis- 
adjustment and an over-supply of fuel do not involve 
any exertion on the part of the heater. In coal-fired 
furnaces, and particularly in hand-fired furnaces, care- 
less operation results in increased physical labor of 
shoveling, coal passing, and the removal of ashes and 
clinkers. The heater has a selfish interest in eco- 
nomical operation. 


For all of these reasons, coal fired furnaces will be 
used and installed right along. One undesirable fea- 
ture in their installation is the tendency to add more 
and more coal-fired furnaces to a growing plant, even 
after the latter has grown to a size which would well 
justify the installation of gas-making equipment. 

Reference is made here to part XV, where a semi- 
gas fired furnace was described with the fuel bed 
under the floor. 

The coal consumption per ton of steel heated is 
not discussed in this installment, because it depends 
upon the utilization of flue gases for preheating steel 
or combustion air. 


Recent By-ProductCoke Oven Developments 


Chiefly a Description of the Engineering Developments of the 
Koppers Ovens—The Triangular Flue System, Its Advantages 
and the Resultant Increased Efficiency. 

By JOSEPH BECKER and F. W. SPERR, JR. 


URING the past five years of intense activity in by- 
Dd. product coke oven construction, there has been 

steady progress in engineering improvement. It is 
the purpose of this paper, not so much to enumerate the 
various improvements in detail, as to discuss certain 
developments of major importance, that have been made 
by The Koppers Company. ‘These are all developments 
of the Koppers oven, and retain the basic principle of 
cross regenerative heating that has been the prime factor 
in the remarkable success of this oven. Fifteen years of 
intensive technical effort have been unable to modify or 
replace this principle with any degree of success; but the 
improvements which will be described, carry its applica- 
tion to a higher degree of efficiency and economy than 
was a few years ago considered possible. 


The Triangular Flued Oven System. 


The structure and operation of the ordinary Koppers 
oven have been frequently described and are well known. 
The heating flues are rectangular in cross section. Each 
separate vertical flue transmits, in the course of a coking 
cycle, equal quantities of heat to the two ovens between 
which it is located.. Now, an apparently simple, but 
fundamentally important, improvement has been effected 
by making the vertical heating flues of triangular cross 
section. Fig. 1 shows this system in actual construction. 
It may be convenient to compare Fig. 2 which illustrates 
the’ vertical flues of the ordinary Koppers oven. Refer- 


ence also may be made to Fig. 3 which shows a perspec- 


This paper was read before the meeting of the Blast Furnace 
and Coke Association of Chicago, March 30, 1920. 
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tive view of a battery of triangular flued ovens of the 
combination type, which will be more particularly dis- 
cussed later. The sectional cuts in this view are arranged 
so as to show the essential details of the new system. 
The triangular flued ovens have proven so successful in 
actual operation and offer so many advantages that The 
Koppers Company is recommending their adoption for 
all future installations. 


The triangular flued oven system embodies in principle 
much more than the change in the shape of the flues, as 
will be understood from the further discussion. One of 
the most obvious features of this system, as it has been 
developed, is that it provides in each wall two separate 
systems of heating flues. One system consists of the 
vertical flues facing toward the right with their corre- 
sponding horizontal flue, and the other consists of the 
vertical flues facing toward the left with their corre- 
sponding horizontal flue, the two horizontal flues being 
entirely separate. Both systems obtain their gas supply 
from a common fuel gas distributing flue or, in the case 
of producer gas fired ovens, from ports leading from the 
gas regenerators. Thus, each oven is heated essentially 
by its own sets of heating flues, which are capable of in- 
dependent regulation with respect to the flues of the ad- 
joining ovens. This accomplishment is remarkable in 
that it has been achieved without increasing the width of 
the oven wall, without increasing the weight of brick- 
work in the wall, and without increasing the mvestment 
for the oven structure. In fact, this seems to be a 
notable departure from the ordinary rectangular flue 
system, giving great independence of heating for each 
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oven while retaining the present width and the present 
weight of brickwork and operating with a common gas 
distributing flue. 

Some additional facts regarding the triangular flued 
system will be assembled here before the advantages are 
discussed further. The overlapping arrangement of the 
flues should be especially noted. In present constructions 
of this system, there are 44 vertical heating flues per wall 
as against 30 in the ordinary Koppers oven. In other 
words, these new ovens have 47 per cent more points of 
gas combustion and heating regulation. At the same 
time, the face of each vertical flue parallel to the oven 
wall is wider horizontally than the corresponding face 
of the rectangular flue. Thus, each wall of the triangular 
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Fig. 1—Rectangular flued oven under construction. 


flued system has 21 per cent more liner brick surfaces; 
i.e., a 21 per cent greater area for direct rectilinear trans- 
mission of heat from flues to oven. There are fewer 
joints in the wall surface of each oven chamber,—the 
difference amounting to 22 per cent. Each wall has 38 
per cent greater vertical surfaces in the vertical flues 
than in the rectangular flue construction. 


Independent and Supplementary Flue Heating. 

The greater degree of independence of heating from 
oven to oven that has already been mentioned is, in fact, 
subordinate to more important benefits. Nt only are 
there two independent heating systems in eac.’ wall, but 
these systems overlap in such a way that, while they are 
independent in operation, they are supplementary in ef- 
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fect. On the one hand, by reason of the greater inde- 
pendence of heating, any irregularity in the operation ot 
any one oven has less effect on the adjoining oven; while, 
on the other hand, in consequence of the over-lapping 
arrangement whereby the heating effect of each flue is 
‘ivently supplemented by the adjoining flues, any irregu- 
larity in a single flue has less effect on the coke tempera- 
ture. The greater number of flues in the new type of con- 


struction also contributes to the latter desirable result. 


Comparative Nozzle Tests. 


The stoppage of a nozzle in one of the triangular flues 
would be expected to have less effect on the wall tem- 
perature and on the appearance of the coke than a similar 
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Fig. 2—Triangular flued oven under construction. 


occurrence in a rectangular flue, and this is actually the 
case. A test was made on this point at the plant of the 
Minnesota By-Product Coke Company, St. Paul, Minne- 


sota, where the first battery of triangular flued ovens has 
been in operation for nearly two years. This battery con- 
sists of five ovens and is operated in conjunction with a 
battery of 60 Koppers ovens of ordinary type. The plug- 
ging of a nozzle in one of the rectangular flues of the 
ordinary oven produced the appearance of a slight dark 
spot on the wall when the first charge was pushed, but 
this spot was hardly dark enough to be noticeable. When 
the next charge was pushed, the dark spot was distinctly 
noticeable and when the third charge was pushed, the 
effect was even communicated to the opposite wall of the 
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oven. While there are occasional nozzle stoppages in the 
battery of ordinary ovens, there have, in fact, been none 
in the regular course of operation of the new ovens, so 
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Fig. 3—Perspective view of triangular flued cross-regenerative combination oven. 


in order to find out the effect of such a stoppage, one had 
to be produced artificially. When this was done, there 
was no dark spot noticeable after. 24 hours. After 48 
hours, a very slight shade was noticeable in the coke in 
the neighborhood of the corresponding flue adjacent to 
the flue having the plugged nozzle. The artifictally pro- 


duced dark spot was not distinct even when the third 


charge was pushed. 


Less Chance for Leakage. 

The fact that there are 22 per cent fewer joints in the 
wall surfaces of each oven chamber naturally means that 
there is less opportunity for leakage and that the effects 
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of wear and tear in regular operation are diminished. - 


The joint is naturally the point of least resistance with» 


respect to the abrasive action of the coke, to corrosion by 
- alkalies, and to the action of water and 
steam from-excessively wet coal, and an 
oven structure having fewer ‘exposed 
joints is bound to have a longer ‘life. «It 
ought to be remarked, in «passing, that 
the use of coal having more ‘than.:7 ‘per 
cent moisture in coke ovens is not,-and 
never should be, a necessity, and with 
due regard for the preservation of: the 
coke ovens, ought never to be permitted. 


Maximum Strength. 

From a mechanical standpoint, the 
triangular ribbed wall is obviously 
stronger than the rectangular ribbed 
wall. The difference has been subjected 
to an interesting analysis by W.-Trinks, 
Professor of Mechanical Engineering at 
the Carnegie Institute of Technology, 
Pittsburgh, Pa. Prof. Trinks has not 
only examined the subject exhaustively in a theoretical 
way, but has made experiments with models of the differ- 
ent types of construction. The experiments in each case 
confirm his theoretical conclusions. He has found that, 
considering the resistance to bending of the wall held 
firmly at the two ends, the triangular ribbed wall is ex- 
perimentally three times as strong as the wall with rec- 
tangular ribbing. A theoretical investigation puts the 


ratio at three and one-half. With respect to a heavy load 
applied normally to the wall, with not only the end sup- 
ports, but also the frictional resistance at the top and 
bottom, the wall with triangular ribbing is 30 per .cent 


Fig. 4--Gas distributing systems for the Providence ovens, 
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The upper gas main is for coke oven gas while the pipes 


seen below form connections between the producer gas ma:n and the gas generators. 
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stronger on the basis of test models and 33 per cent on ~« _ there will be a greater percentage of heat absorbed and 
the basis of theoretical calculation. In fact, the new directly utilized in the triangular flued system than in the 
oven, with its triangular bracing, offers the maximum ordinary system. Tests at the St. Parl plant showed 


possible strength for the investnient re- 
quired to produce the maximum heating 
Efficiency. 
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Increased Heating Efficiency. 


A very prominent advantage of the 
new system is the gain in heating ef- 
ficiency that it affords. A little consider- . 
ation will show how this is made pos- 
sible. Each oven wall has 21 per cent 
greater area directly between the flue 
openings and the coke. There is, there- 
fore, a much greater area through which 
the heat is conducted directly from the 
flues to the coke, and the proportion of 
heat that has to be conducted more or 
less diagonally through the binder brick 
is reduced to a corresponding extent. 
Thus, it is possible to obtain a given rate 
of coking with a lower average flue tem- 
perature than when using rectangular 
flues. Furthermore. each wall has 38 
per cent more vertical surfaces in the 
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from the standpoint of heat absorption. Under given that, for a given speed of coking, the temperature of the 
conditions of rate of gas combustion and rate of coking, hot waste gases entering the regenerators was 100 de- 
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Fig. 6—Typical plant of new Koppers gas ovens with gas producers, waste gas return system and by-product 
recovery apparatus. 
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grees F. lower in the triangular flued battery than in the 
rectangular flued battery, showing a better degree of 
heat absorption in the flue system of the former than in 
the latter. 


First Battery Installation. | 

The record of the new ovens at St. Paul is very strik- 
ing and deserves some description here. The battery con- 
sists of five cross regenerative combination ovens 
equipped to be heated either with producer gas or coke 
oven gas, each oven having a rated capacity of 12% net 
tons of coal per charge. The battery has its own collect- 
ing main with arrangements for gas separation. The 
ovens taper from 17 to 19% inches and are 9 feet 10 
inches high by 37 feet long (inside dimensions). 

The battery began its test operation in June, 1918, and 
has been in continuous operation for nearly two years. 
It was heated and started in exactly the same way as a 
battery of ordinary Koppers ovens and was handled by 
the regular plant operators without requiring any special 
attention or extra labor. The ovens were operated in 
series with those of the 60 oven battery amd on the same 
coking time, using a mixture of Elkhorn and Pittsburgh 
coals in approximately equal proportions, with from 15 
to 25 per cent of Pocahontas. In February and March, 
1919, a series of tests was made on the new ovens, in the 
course of which they were operated for some time at a 
coking time of 1314 hours in order to determine their 
maximum coking speed. At the beginning of these tests, 
the usual adjustments of heat regulation were made as 
in regular operation. 

During the subsequent period of a little over one year, 
there has been not a single change in the nozzles or in 
the sliding brick settings. Not one nozzle has been re- 
moved or replaced, and the interior arrangement of the 
flue system has required absolutely no attention. During 
this period, the only actual work that has been required 
in connection with the heating of the triangular flued 
ovens has consisted in the ordinary, occasional cleaning 
of the gas supply pipes and in the regular operation of 
reversing the gas. The regular coking time has varied 
between about 16 hours and 24 hours, according to gas 
and coke demand, and naturally, with changes of coking 


time, there are adjustments of the main gas valves and ~ 


stack dampers. These are so simple as scarcely to de- 
serve mention. The temperature conditions now are just 
as uniform and regular as they were at the beginning 
of the period. 

Every coke oven operator will appreciate,what such 
a record of smooth operation means. The saving of 
labor is an important consequence. It is obvious that 
a given number of triangular flued ovens will require less 
attendance than the same number of ordinary ovens. 


The New System on Rapid Coking Time. 

It has been mentioned that the triangular flued ovens 
at St. Paul operated for some time during the test period 
at 1314 hours coking time. It should be noted that the 
ovens taper from 17 to 19% inches. The maximum 
width limits the coking time and here a maximum rate 
of coking of one inch in 41.5 minutes was attained. 

In considering the advantages of the new system with 
respect to heating efficiency, it will be seen that these 
advantages naturally contribute to greater coking capacity. 
There are more flues, therefore more gas burners in the 
triangular flued system. In each wall on the coke side, 
there are 21 flues in this system as against 14 in the 
ordinary. On the pusher side, there are 23 flues in the 
former as against 16 in the latter. Such a combination 
of high capacity for direct heat conduction, efficient heat 
absorption, and ability to burn gas at a greater number 
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of points has great advantages where a high rate of cok- 
ing 1s desired. 


Summary of Discussion of Triangular Flued System. 
Having thus considered the merits of the triangular 


- flued oven system it may be convenient to summarize 


the discussion by classifying the outstanding facts as 
follows: 


1. Durability 
(a) Maximum strength of wall to resist operating stresses. 
(b) Fewer joints in oven chamher. 
(c) Lower flue temperatures for a given rate of coking. 
2. Low cost of operation. 
(a) Less inspection and adjustment of the heating system 
and, consequently, less labor and repairs. 
(b) aera no carbon accumulations, therefore, less 
abor. 
(c) Greater heating efficiency. 
3. Regularity of coking. 
(a) Overlapping arrangement of flues. 
(b) Each oven has practically its own set of heating flues. 
(c) Greater number of flues. j 
(d) No nozzle plugging. 
4. Heating efficiency. 
(a) More surface for direct conduction. 
(b) More surfaces for heat absorption in the flue system. 
(c) Less chance for joint leakage. 
5. Greater flexibility of adjustment. 
(a) Greater number of points of regulation. 
(b) Double flue system in each heating wall, with cross- 
regenerators serving each system. 


At this point it will be asked what the cost of the new 
system is as compared with the ordinary Koppers oven. 
The answer is that the costs are exactly the same. In 
other words, the important advantages that have just 
been discussed, have been obtained without any increase 
in the cost of construction. The weight of brickwork 1s 
the same and the work of bricklaying easier. The ovens 
are heated and put into operation in the same way as 
ordinary Koppers ovens. 


Triangular Flued Oven Installations. 

Besides the original battery of triangular flued ovens 
at St. Paul, a battery of 60 of these ovens has been in- 
stalled for the Jones & Laughlin Steel Co. at Pittsburgh. 
This battery began operation March 15, 1920, and has 
been giving excellent performance. Work has recently 
been started on the construction of a by-product coke and 
gas plant for the Chicago By-Product Coke Company at 
Chicago, Ill. This plant will include two batteries of 50 
triangular flued cross-regenerative combination ovens 
each. The ovens will be heated with coke oven gas at 
first, but gas producers will be installed later. 

A contract has been let recently by the Dominion 
Iron & Steel Co., Ltd., for a battery of 60 of the new type 
ovens to be built at Sydney, Nova Scotia. 


Triangular Flued Oven and Producer Gas Heating. 

The adaptation of the triangular flued oven, with its 
double systems of heating flues, to the use of regenerated 
producer gas as fuel presented several new problems. 
The Koppers Company, however, has been successful in 
developing a triangular flued combination oven capable 
of being heated either with producer gas or with coke 
oven gas. A perspective view, partly in section, of a 
battery of these ovens is shown in Fig. 3. It 1s, in fact, 
this type of oven that has given the record of successful 
performance at St. Paul, and which is being installed at 
the new Chicago plant. 


Practical Experience With Producer Gas Heating. 
The design and operation of the ordinary Koppers 
combination oven are so familiar and the method of 
adaptation of the principle involved to the triangular 
flued oven is so plain from a study of Fig. 3 that it is 
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considered unnecessary to add any description relating 
merely to the oven structure and functions. It is well 
worth while, however, to discuss the results of practical 
experience with producer gas heating as applied to the 
ordinary Koppers oven. This practical experience has 
been gained during the past year at the plant of the Provi- 
dence Gas Company, Providence, Rhode Island, which 
has 40 Koppers combination ovens. The ovens taper 
from 1814 inches in width at the discharge end to 1534 
inches at the pusher end, are 9 feet 10 inches high and 
37 feet long (inside dimensions), and have a rated ca- 
pacity of 11.4 tons of coal per charge. The distance 
from center to center is 3 feet 614 inches. Part or all of 
the ovens may be operated with producer gas as the 
demand for domestic gas and for coke varies. For a 
gas works, this makes an arrangement of ideal flexibility 
whereby such a plant may serve a wide range of demand. 
However, the advantages of heating by-product coke 
ovens with producer gas are not merely confined to such 
plants as are operated for the gas industry, but deserve 
careful consideration from the standpoint of the iron and 
steel industries. It is from this standpoint that the fol- 
lowing discussion of the subject is presented. 


Advantages of Producer Gas Heating. 

There are, in the first place, certain operating ad- 
vantages that apply to any by-product coke plant heated 
with producer gas, no matter what its industrial relation- 
ship. Then, there are certain economic advantages 
peculiar to the iron and steel plants. Let us first con- 
sider the operating advantages. 

With producer gas firing, on account of the absence 
of hydrocarbons, there is no accumulation of carbon in 
the gas distributing system. Practically no attention need 
be given to gas pipes and flues, which means economy 
im labor. The flue temperatures are easily adjusted and 
remarkably uniform. There is less possibility of local- 
ized overheating. With producer gas, we are dealing with 
a fuel that is handled in relatively larger volumes than 
is the case with coke oven gas and no such fine adjust- 
ments are necessary with the former as with the latter. 
Furthermore, any slight irregularities in the rate of gas 
flow, in the way of adjustment, or in the height of flame, 
make much less difference in the coke temperature than 
would result from similar irregularities in the case of 
coke oven gas. With producer gas, it is a much simpler 
matter to maintain efficient and uniform heating with a 
low percentage of excess air than when using coke oven 
gas. At Providence, the analysis of the products of com- 
bustion showed 17 to 18 per cent carbon dioxide with 
about 1 per cent of oxygen and practically no carbon 
monoxtde. Such a close approximation to theoretically 
perfect conditions of combustion combined with uniform 
heating is a remarkable achievement in the use of pro- 
ducer gas. At 14 hours coking time the temperature of 
the stack gases was about 350 degrees C. 


Rapid Coking With Producer Gas. 

All of these operating results and advantages have 
been demonstrated at the Providence plant. The use of 
producer gas has been found to be excellently adapted 
to the maintenance of very short coking times, where 
absolute uniformity of temperature is of the utmost im- 
portance. The ovens were operated with straight pro- 
ducer gas at 14 hours coking time for a test period of 
two weeks and were operated at 1414 hours coking time 
for a period of four weeks. It was demonstrated that 
such rates of coking could be maintained regularly and 
without extra attention. The 14 hours coking time 
corresponds to a rate of carbonization of one inch oven 
width at the wide end in 45.4 minutes. 
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Coke Oven Heating With Producer Gas in Relation 
to the Iron and Steel Industries. beat 
Turning now to the economic side of the utilization 
of producer gas for heating by-product coke ovens, 
operated in connection with blast furnace plants or steel 
plants,- we find that the most important considerations 
are the following: 
1. The value of coke oven gas. 
2. Cost of storage and distribution of coke oven gas. 
3. The possibility of manufacturing producer gas 


from cheap fuel. 


Heating With Blast Furnace Gas. 

At this point, it should be remarked that blast fur- 
nace gas is excellently adapted for heating Koppers com- 
bination ovens in the same manner as producer gas, and 
this economic study should include consideration of such 
use of blast furnace gas. | 

The economic balancing of the fue!s produced and 
consumed in iron and steel manufacture is of the first 
magnitude of importance, and an adequate discussion of 
it would be far too long for the limits of such a paper 
as this. The subject has been dealt with by the British 
Association Fuel Economy Committee, whose report has 
been published in Volume .100 (1919) of the “Journal 
of the Iron and Steel Institute.” The reading of this 
report discloses many important facts that ought to serve 
as the basis for improving the general condition of the 
iron and steel industry in Great Britain; but one gains 
the impression that there is a little too much of the att- 
tude of justifying these conditions, rather than working 
ageressively for their improvement. It is, however, in- 
teresting to note the unanimous recognition of the 
advantages resulting from locating by-product coke plants 
in close proximity to the iron and steel plants which they 
serve. It is very fortunate for the industries that these 
advantages have been well recognized and demonstrated 
in America. 

After many years of neglect and inefficient utilization, 
this valuable fuel has, during recent years, been more 
and more appreciated. Many steel works need more of 
it than their by-product coke ovens can supply. The 
need will, of course, vary with the type and location of 
plant, the nature of its products, and the amount of re- 
heating that has to be done; but it may be safely as- 
serted that it is an exceptional steel plant that could not 
profitably use or sell the entire output of gas from its by- 
product coke ovens, if such were available. 


Gas Requirements vs. Coke Economy. 


The British association report takes as its main thesis, 
“That the achievement of the utmost fuel economy of a 
modern iron and stecl works is essentially a matter of the 
scientific organization and disposition of the plant as a 
whole with a view to utilizing to the best advantage, in 
the steel works and rolling mills, the energy in the surplus 
blast furnace and coke oven gases. This has been shown 
to be sufficient, not only for converting molten iron from 


the blast furnace into steel, but also for rolling the result- . 


ing ingots into finished steel sections.” Closely examined, 
this does not have the definite meaning that at first sight 
appears, because of course, the energy in the surplus blast 
furnace and coke oven gases could be very considerably 


increased merely by increasing the coke consumption per 


ton of pig iron, and it is very questionable how far it is 
wise to go in the way of increasing the consumption of 
high grade, expensive blast furnace coke for ihe sake 
of making additional gas. Manv plants, located ci: sc to 
supplies of cheap coal unsuitable for manufacture of 
metallurgical coke, might do better by operating their 
blast furnaces to the highest pitch of coke economy and 
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by supplementing the available blast furnace and coke 
oven gas with producer gas, either made directly from 
‘low grace coal or else made from low grade coke pro- 
duced from such coal. 


Advantages of Conserving Entire Production of Coke 
Oven Gas. 


These are all matters to be studied by making a 
careful financial analysis of each possibility in con- 
‘nection with the local conditions of each plant. There 
is, however, bound to be, in each case, a comparison 
between three principal fuels—blast furnace gas, pro- 
ducer gas, and coke oven gas (supplemented in some 
cases by coke oven tar). In almost every case, it will 
be found that, sooner or later, advantage will result 
from conserving all of the coke oven gas for use in the 
steel mills or for sale and from using producer gas or 
blast furnace gas to heat the coke ovens. The equip- 
ment required for distributing a given number of heat 
units in the form of coke oven gas is, of course, much 
cheaper than that required for the same number of 
heat units in the form of producer gas or blast fur- 
nace gas. The expense of pumping is very much in 
favor of the former. Where gas producers must in 
any event be employed to produce supplementary 
fuel, there may be advantage in using these gas pro- 
ducers to supply gas to the coke ovens, because in 
this connection they will be in continuous operation, 
and there will not be the expense of shutting down 
and starting up the producer plant at week ends. The 
gas producers operated for heating the coke ovens 
can consume cheap high-sulphur coal, which has no 
detrimental effect on coke oven operation, but is un- 
suitable for steel making on account of the high- 
sulphur content of the gas produced. Where local 
conditions favor the sale of coke oven gas, storage 
facilities may be necessary to take care of the varying 
load. In many cases, the equipment required for 
burning coke oven gas is cheaper than that required 
‘for producer gas or blast furnace gas. 

In the case of plants operated in connection with 
‘independent blast furnaces or in connection with steel 
plants that do not require all of their surplus gas, there 
-are still many opportunities for the sale of the entire 
output of coke oven gas to supply neighboring in- 
dustrial establishments, or even for domestic pur- 
poses. The growing shortage of natural gas. the in- 
crease in the price of coal, and the appreciation of 
the value of coal gas as domestic and industrial fuel 
will serve to make such disposition increasingly ad- 
vantageous. 


Various Producer Gas Operations for Coke Oven 

Heating. 

In considering the economic operation of gas pro- 
ducers in connection with by-product coke ovens, 
several possibilities present themselves and the va- 
riety of possibilities, when considered in the light of 
the potential economic advantages, 1s one of many 
arguments in favor of building every by-product coke 
plant so that producer gas may be used at any time 
for heating the ovens if desired. 

First, the producers may be fed with small sized 
coke unsuitable for use in the blast furnaces. Here 
the equipment is simple and comparatively inex- 
pensive, especially with respect to the gas cleaning 
apparatus. The amount of coke required for the pro- 
ducers is 12 to 14 per cent of the weight of the coal 
charged into the ovens. This amount may be readily 
obtained by properly screening the oven product, 
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leaving a high grade, thoroughly clean coke for the 
use of the blast furnaces. 

Second, where there is available a cheap coal, hav- 
ing fair coking qualities but unsuitable for the manu- 
facture of blast furnace coke, such coal may be coked 
in some of the by-product ovens delivering, thereby, 
its by-products and furnishing sufficient coke for the 
operation of the gas producers. 

Third, where there is available cheap low grade 
coal unsuitable for making blast furnace coke, such 
material, or lignite, may be used directly in the gas 
producers. 

Fourth, by-product producers may be installed 
using any coal available. The equipment and opera- 
tion of by-product producers fits in very well with 
that of the by-product coke plant and the combina- 
tion, costing much less than separate plants, offers 
many possibilities for increased economy and valuable 
returns. Heretofore, on account of coal values, the 
employment of by-product gas producers has been 
more extensive in Europe than in America, and here, 
with the present appreciation of coal values, their de- 
velopment presents enormous possibilities. 


The Kerpely Gas Producer. 


The type of producer conspicuous in European 
practice in connection with by-product coke ovens 
and elsewhere is the Kerpely producer. The Koppers 
Company controls the American patent rights on this 
type of producer and is actively adapting it to Ameri- 
can conditions for its by-product coke oven operations 
and in connection with by-product producer plants. 
The next few years will- witness much important 
progress along this line. 


Economic Changes Favoring Coke Oven Gas. 


The situation is that, on the one hand, the develop- 
ments of the gas producer, whether using coke or coal 
in connection with by-product coke ovens, together 
with the successful and advantageous application of 
producer gas to oven heating, are such as to offer the 
strongest inducements for this method of heating; 
while on the other hand, the demand for high grade 
vas is increasing so that every by-product coke plant 
in the country is. sooner or later, going to be required 
to render available every cubic foot of coal gas that 
it makes. 


It is eventually going to be considered rank in- 
efficiency for any plant to use this valuable gas for 
the purpose of heating its ovens, which purpose could 
even be better served by lower grade gas. These re- 
quirements are going to be brought about by the in- 
creasing shortage and cost of good coal, the increas- 
ing shortage of natural gas and fuel oil, and by the 
advantages of coke oven gas over lower grade gases 
from the various standpoints discussed. In the face 
of this, it is plain that every new battery of by-prod- 
uct coke ovens built in connection with a steel plant 
or blast furnace ought to have provision so that, at 
any time, producer gas equipment can be added to 
the plant and so that the ovens can be heated either 
with this gas or with blast furnace gas. 


The Combination Oven and Its Relation to Future 
Developments. 


Suppose that, in the case of a given projected 
plant, it might possibly appear, on the face of present 
financial returns, that there would be no marked 
present gain from the installation of gas producers 
in connection with the coke ovens, Nevertheless, as- 
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suming that the life a battery of modern coke ovens 
is from 10 to 15 years and, in view of the great eco- 
nom.c and engineering progress possible in the life of 
such a plant, ore should hesitate before committing 
himself to building plain coke ovens, which would 
practically require rebuilding before they could use 
“producer gas economically. The use of producer gas 
or blast furnace gas might well be advantageous a 
few years hence, if not now. The building .of com- 
bination ovens..is,. in effect, providing insurance 
against future contingencies at relatively low cost 
and with promise of iarge returns. 


Height of By-Product Ovens. 


In the recent work of by-product coke oven engi- 
neers, some attention has been devoted to the prob- 
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lem of what is the most suitable height for coke.ovens 
operating with maximum efficiency. This is import- 
ant from the standpoint of investment required. for a 


_given plant capacity... The width of the oven is de- 
_termined by technical considerations, chief of which 


is the effect of this factor upon the quality of the coke. 
It has been shown that increase of length is practical 
and may be of advantage; but,’from the standpornt 
of economy of investment, greater proportional ad- 
vantages evidently result from increase of height. 
The height of the standard Koppers oven was, for 
a number of years, 9 feet 10 inches (measured from 
top to bottom of the chamber). Some time ago. how- 
ever, 30 ovens about two feet higher than this. were 


_ put into operation for the Indiana Coke & Gas Co., 


Utilizing Blast Fur-ace Gas for Power 


Power Production Data From Blast Furnace Fired Power 
Plant—Heat Balance—Explanation of Equipment Included 
in Blast Furnace Steam Generating Plant. 


By F. H. WILLCOX. 
Secretary, Freyn, Brassert & Company. 


OT to go back too far in the development of 
N types of boilers and gas combustion arrange- 

ments at blast furnace boiler plants, it is re- 
markable to realize that in one decade the character- 
istic of the boiler unit has changed from one of 2,500 
to 5,000 heating surface, equipped with Spearman 
type burners and hand grates, to a unit of from 7,000 
to 12,000 heating surface provided with efficient mx- 
ing burners; that the steam characteristic has changed 
from 160 lb. and no superheat to 225 Ib. and 125 de- 
grees superheat and higher; that already the elimina- 
tion of hand firing for auxiliary fuel requirements is 
accomplished; and that the solitary steam gauge 1s 
replaced with elaborate indicating and recording in- 
struments for steam, _ pressure, temperature and 
volume control, for draft control, and in some cases 
combined air and gas or stoker control synchronized 
with damper control. oa 


This development indicates the realization of the 
perhaps earlier theoretical conception of the power 
possibilities latent in gases available from a blast fur- 
nace and the determined effort made in the face of 
adverse factors to apply developments in central 
power plant design to blast furnace boiler houses. 

A brief review of adverse factors which have re- 
tarded this development may not be out of place. 
First of all, the concern of a power plant is to make 
and sell power, consequently the cost of power and 


its regularity of supply are the two vital points of 


scrutiny both in design and in operation. At a blast 
furnace or steel plant, steel (or iron) is the product. 
Its quality, cost and regularity of production are the 
-points of scrutiny. Steam supply primarily has had 
to be ample, regular and secure; not necessarily eco- 
nomical in the strictest sense. Even five vears ago, 
out of a total cost of production of pig iron of $11.25, 
steam cost but $0.28 and with a base price of Pitts- 
burgh coal at $1.25, economies resulting from direct 
fuel or gas credit savings were obviously small, and 
compared to regularity of supply, of little anneal. 
Moreover, the operator—concerned prir.arily with 
, regularity of steam supply—was adverse to any pro- 
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grant which, in the face of a varying fuel gas supply, 
imposed a'load on the blast furnace boilers which cor- 


-responded*-closely to their full gas fuel supply and 
‘theoretical potential steam generation. 


A specific :1il- 
lustration or two will show the condition. At a fur- 
nace operating at the rate of 430 tons per day, a gas 


flow test was made in the boiler house gas main. The 
test was by means of thermometer and Pitot tube and 


was of three hours duration between casts. A maxi- 
mum of 30.930, a min mum of 21,930 and an average 
cf 28,120 cubic feet of gas per minute was shown. 


‘This corresponds to 3460 Bo. hp maximum. 2.390 Bo. 


hp’ minimura and 3,070 Bo. hp average. There was 
therefore a surplus of 390 Bo. hp above and a deficit 


‘of 680 Bo. hp below the Bo. hp which could be car- 


ried as an average operating condition. From this it 
is very easy to see the reason for the condition which 
so frequently distresses the general office and the 
steam engincer, i. e.: alternate deafening blowing-off 
of safety valves to be later followed by tremendous 
exertion in Hand firing with its accompanying pro- 
digious clouds of smoke. 


Tt may also be of interest to show a more careful 
study on gas flow. In this case the furnace was work- 
ing normally, 1. ¢.: during the day it drove sometimes 
a little fast, sometimes a little slow, occasionally it 
would get a little stiff for some moments, then loosen 
up, and the gas flow varied accordingly. Pitot tube 
readings were taken at one-half hour intervals. Pres- 
sure, gas analyses and temperature observations were 
It may be assumed to be accurate and 
representative of what may be encountered. The 
mount of gas per minute throughout the day, at the 
above half-hour intervals, was as follows: 


“ Read across— 


28.C0 34 200. AZ PCO 84.209 34 2°0 32 5CO 27.€CO 
86 VOO 20-009 86,000 B8CCO 32.500 820900 20.609 
ZBCCO 2 34 200 34 2°70 8O.ECO PRECIO 28 COO ~ 41,5C0 
BECO 9. 34 200 36,°CO 86000 B6.ACO FR COO 48.500 

Ota - eee) 20 €CO 389,£0 27 (CO 34 209 88 COO 
SO OCU 76 (CO 4.100 27,CCO 28.609 32 =CO 34,200 
42,=€0 45.000 3,CC0 34.200 27 COO 
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This is all the gas from a single furnace, gas 
volume reduced to 62 degrees and 30 inch hg. 

It goes without saying that in neither case, and 
the writer considers them representative, could a uni- 
. form steam load be carried unless the gas to the 
stoves was continually regulated to give a constant 
gas pressure at the boiler house. This is an ex- 
pedient that, as a rule, involves too much hazard to 
quality and cost of iron to obtain much consideration. 

It will be apparent, from the vtewpoint of fluctua- 
tion of gas supply to the boilers, why the operators 
have preferred to preserve a conservative course 
which would surely furnish an adequate supply of 
steam at reasonably constant pressure and volume, 
at the expense of realizing a maximum steam genera- 
tion from gas. In other words, having a maximum 
of 3,400, a minimum of 2,400 and an average of 3,000 
Bo. hp available from a 430-ton furnace, it has been 
preferred to realize something perhaps even less than 
the average in the shape of a steady steam load, to 
hand-fire during repeated slack gas periods, to blow- 
off steam during heavy gas periods, simply to realize 
a steady steam pressure to blowers and pumps. 

It is evident, when one considers imposition of 
heavier loads, that the heavier the load carried on the 
basis of the average furnace gas flow, that the coal 
and ash handling charges become increasingly larger, 
coal firing becomes increasingly more sudden and 
strenuous, cleaning of grates becomes more and more 
of a problem, and most detrimental drops in steam 


pressure occur with increasing seriousness and fre- 


quency. Therefore, gas credits for steam supplied to 
other departments have been sacrificed to the benefit 
of steady load, especially with low base coal prices. 
The identical circumstances also disclose the reason 
why it has been preferred to have a liberal number of 
boiler units run at an overload not greatly in excess 
of builders’ ratings. Such an arrangement makes 


available more grate units for firing and for cleaning, | 


and moreover usually gives a greater water volume to 
flash into steam as the pressure drops. 

The alternatives to carrying a moderately low 
load are: j 


1, Running al]! boilers on high rating with mixed gas and 
hand firing. 
Advantages: 
Utilization of all gas. 
Going coal fire to handle gas fluctuations. 
Objections: 
Low efficiency of fuel. 
High cost of surplus steam to other departments. 

2. Running a proportion of all boilers on gas at high ratings, 

with coal fired boilers segregated. 
Advantages: 
Utilization of all gas. 
Good efficiency in use of gas. 
Going coal fires to handle gas fluctuations. 
Objections: . 
High cost of coal fired surplus steam. 
Large number of boiler units required. 
3. Running all blast furnace boilers on gas, with steel plant 
boiler house balancing high and low gas flow rates. 
Advantages: 
Good efficiency in gas firing. . 
Low labor cost for susplus steam. 
Objections: 
Occasional low steam due to combination of one or 
more furnaces off with poor gas from others. 
Condition infrequently very serious. 

4. Running blast furnace boilers on gas, corresponding to 
highest blast furnace boilers on gas, correspond- 
ing to highest gas flow rate, with blast furnace 
gas deficiency made up by auxiliary coke gas oven 
or tar firing. 

Advantages: 
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An idea] combination both for high rating and efh- 
ciency. 
Objections: . 
Higher auxiliary fuel costs, though not necessarily 
higher costs per Bo. hp considering low labor 
charge. fies 
Oil costs for similar uses usually prohibitive. 

5. Concentration of gas firing on certain boilers, with excess 
and variable load carried by stoker fired boilers 
at same house. 

Advantages: _ 
Equally as good an operating proposition as Option 
No. 4 and lower fuel costs. 
Objections: 
Higher installation costs. 
Larger number of bailer units required. 

6. Equipment of all boilers both with stokers and gas 
burners. 

Advantages: ; ; 
Equally efficient gas and coal combustion as with 


Options Nos. 4 and 5 ; ; 
Ability to carry continuous high rating on boiler 
with smaller number of units, 
Objections: 
Rather high unit cost. 


The latter of the above methods will permit car- 
rying such combined furnace and other department 
steam loads so that the full amount of Bo. hp avail- 
able from furnace gas may be realized, and in addi- 
tion, additional evaporation may be obtained cheaply 
from stoker equipment so that a very high load factor 
may be carried on any given installation of electrical 
generators. Certain methods permit better efficiencies 
to be realized from gas than others. The writer’s ex- 
perience has indicated that in the choice of methods 
for carrying steam loads lies the practical realization - 
of full development of potential steam from blast fur- 
nace gas supply, and also the secret, if any, of high 
boiler efficiency on gas. Pre-mixing burners with ad- 
justable air supply, draft control, attention to baffling, 
air tightness of settings, systematic tube blowing and 
turbining, with their indisputable possibilities of high 
efficiencies have repeatedly shown failure to realize in 
a practical way effectiveness in high efficiency and 
overload from available gas when they have been 
handicapped by combined hand firing of coal and 
combustion of gas on the same set of boilers, or by 
equipment limitations relating to realization of con- 
tinuous steam supply constantly corresponding to 
periodic maximum gas flow. 

To develop a tangible view of the possibilities in 
the way of steam generation and power available from 
a furnace burning 1,100,000 pounds of coke per day, 
or a production of 550 tons of iron, the power produc- 
tion 1s shown below: | 


Gas per ton irom ....... cc cee cece eee eee 142,800 cu. ft. 
Less 5% for gas loss, radiation and ladle 

MSCS! of fithing 22 oid oe cee aes Bue ae agree 135,660 cu. ft. 
Dry gas per minute ..............cceeceee 51,800 cu. ft. 
Total heat per lb. of gas at 250°, 30” hg., 40 

gr. moisture .......... Pore eer ree ee 1,313.8 Btu. 
Equivalent heat per cu. ft. at 62° and 30” hg. 101 Btu 
Total heat available per minute ........... 5,250,000 Btu. 
Wind volume and heat ................... 42,500@1,300° F. 
Gas used at StOVeS ........... ccc ee ccc eens 1,440,000 Btu 

274% 

Gas available at boilers per minute ....... 3,810,000 Btu. 
Bo. hp available .............. 0 cece ee ences 4,800 Bo. hp 
Steam available: 22 iccws oe chsGaesencawnuwess 146,000 Ib. 


Water pumped for furnace and furnace 

auxiliaries, boiler feed, turbo blower, 

cooling, condensers, and miscellaneous 28,000,000 gal. 
Steam requirements: Blower, condenser, 

dry air pump, service water, condensa- 


tion and losses, boiler feed and heating 70,000 Ib. 
Available for power .............0..c00eee, 76,000 Ib. 
Available power ..........ccccececcceeececs  §,400 kw 
Power load: Metered. Pumping.......... 400 E. hp 400 E. hp 
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Skip transfer and scale car.... 135 E. hp 
Bridge and unloader ........... 
Pig machine pouring crane .... 
Cast house and Eng. crane .... 40 
Coke breeze coal and ash...... 15 
COMPLeSSOl ssucdss Sea sven ween ees 60 
Feed water plant .............. 20 
Lighting and miscellaneous ... 100 
; 800 E. hp 
Total, including pumping ................. 1,200 E. hp 
TOtal EW 2626cicd ie oceutesieeekeieueteee 900 kw 
Total <surplus® . o.ss4 css d dace ie sseas oe eeees 4,500 kw 
Average steam load ........... 146,000 Ibs. = 4,800 Bo. hp 


Maximum steam load during 


high pressure at furnace .. 156,000 Ibs. = 5,100 Bo. hp 
Minimum steam load during 


cast at furnmace ............ 124,000 lbs. = 4,100 Bo. hp 


From the tabulation it is clear that the available 
gas will carry an average load of 5,400 kw. During 
gas flow fluctuations or at cast time or furnace stops 
when the gas fails, this amount of power must be kept 
coming if other departments are to rely upon it, and 
more especially must it be kept coming should the 
vital pumping equipment be carried by the furnace 
generators. 

Assuming a battery of six 1,000 hp boilers, with 
two operating stokers, it is apparent that two stoker 
fired boilers will nicely carry the load at furnace stops, 
and that they will be available for come-and-go firing 
between casts. This is, however, a very small load 
factor to be imposed on expensive equipment. This 
is particularly true if it be borne in mind that to 
realize this partial load factor three boilers must be 
equipped with stokers to allow for boiler repairs and 
cleaning. Similarly, to take care of gas four boilers 
must be equipped with burners. The house, therefore, 
consists of one stoker fired boiler, two combined gas 
and stoker boilers, and three gas boilers. This house, 
as remarked, will only carry, a steady load of 5,400 kw 
over cast. If the low point of the electric load factor 
can be figured to usually coincide with cast time, 6,500 
could be carried between casts at the expense of about 
550 average Bo. hp on the stokers. 

At the addition expense of equipping all boilers 
with gas burners and stokers, and with five operating, 
the blast furnace botler house could carry a steady 
load of 13,500 kw, the stokers operating at 175 per 
cent rating over casts, and at 95 per cent rating be- 
tween casts, carrying 8,750 Bo. hp over casts and 9,450 
Bo. hp between casts. This is an ideal layout, using 
a good constant load factor on expensive stoker 
equipment, utilizing the boiler equipment to full ad- 
vantage, and centralizing power generation for an en- 
tire integrated steel works and furnace plant at one 
central power station with minor increase in labor 
over a power plant realizing only the average poten- 
tial power from furnace gas, and at probably less 
gross operating expense than when only a portion of 
potential power is attempted with auxiliary hand 
firing. 

To carry the overloads on rating mentioned in- 
volves a high draft loss through the boiler, conse- 
quently a stack of liberal height and cross-section and 
clean gas. : 

There is a larger volume of gases of combustion 
to be handled per Bo. hp with blast furnace gas than 
with stoker firing of coal. (See table above). 

The consequence is that boiler baffling as well as 
stacks must be particularly designed if these high 
ratings are to be carried with exceptional efficiency 
on combined gas and coal. . 
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Coal Firing. Gas Firing. 
Efficiency .......... 72 % Efficiency .......... 70 % 
COS (uaa ct vee sess: 122%. “COs. Secs biaee eae 21.2% 
LD. Coal” occscacweuee 35 Cu. ft. gas .......60. 

Lb. gases combus- Wt. gases combus- 
HOM. diver iesenkons re (ION. fea aietaieeerate : 
Cu. ft. gases com- Cu. ft. gases combus 
bustion ........... 750 TON i wc.eheus senses 


With stacks and boiler baffling carefully designed 
und with clean gas and good boiler feed water, there 
is nothing to prevent a battery of six 1,000 hp boilers 
being equipped with both stokers and blast furnace 
gas burners, and when five boilers can be continually 
kept in operation producing 9,500 Bo. hp with gas and 
coal firing. With stoker firing, as contrasted with 
hand firing, gas can be used at exactly as good ad- 
vantage as in an exclusively hand-fired boiler. Such 
an installation is working satisfactorily. The stokers 
run at 100 per cent boiler rating when the gas is on 
and at 200 per cent boiler rating when the gas is off. 
Such an installation is always worthy of consideration 
with an existing steel plant when there is already a 
heavy electrical load pull. 

It is interesting to note that a good furnace plant 
recovers in entirely salable surplus power, 3 per cent 
of all heat energy charged in coke. 

A summary of work effected at a complete blast 
furnace plant in the shape of a heat balance may be 
of interest: 


Per cent Heat 

(1) Heat charged in coke ...... 100 575,000,000 Btu. 
(2) Heat retained in furnace ... 45.0 255,500,000 Btu. 
(3) Heat used in hot blast ..... 10.0 60,500,000 Btu 
(4) Heat lost at stove chimney.. 4.5 26,000,000 Btu 
(5) Heat lost at boiler chimney § 12. 69,000,000 Btu 
(6) Heat used at blower ........ 1. 6,000,000 Btu 
(7) Heat used at generator ..... 3. 18,500,000 Btu. 
(8) Heat used at pumps. and 

miscellaneous ............ 0.2 1,200,000 Btu. 
(9) Heat lost in condensed and 

exhaust steam ........... 24.3 138,300,000 Btu. 
Heat usefully applied: (2), (3), (7) and (8) ...... 58.2% 
Heat lost: (4), (5), (6) and (9) .................. 41.8% 


The heat usefully applied in furnace, hot blast 
stoves and boilers is 83.5 per cent, which, outside of 
the steam use, indicates a remarkably efficient “heat 
engine.” | 

The reader thus comes to the point of how the 
power generation is to be realized. The answer comes 
down to about three points, and analyzing them, it is 
found in stove practice, boiler practice and power 
plant practice. 

At the stoves the amount of gas shown consumed 
was based on 7/0 per cent stove efficiency. To obtain 
this there will be required a ratio of about 6.5 square 
feet heating surface per cubic foot of blast per minute, 
or 280,000 square feet of heating surface in a total of 
three or four stoves. There is also required a good 
pre-mixing gas burner for the stove. Next there 
must be a butterfly regulating valve and a “U” tube 
connected to the gas box on the burner side of the 
butterfly valve. This “U” tube can be filled with 
sulphuric acid, specific gravity about 1.6, to prevent 
freezing. The burner air valve should be set for say 
10-inch pressure in the “U” tube by means of analyses 
of chimney gases in conjunction with use of highest 
heats practically carried. Thereafter the stove tender 
must carry gas pressure at the burner at the fixed 
pressure determined as sufficient for highest heats. 
He must not tamper with the fixed position of air 
valves of burner. This may meet the objection that 
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it is not practiced; the answer is that it works and the 
practice is being introduced into additional plants. 
To meet varying heat practice it is required that 


an indicating or recording pyrometer be placed in the. 
The average stack temperature of a. 


chimney vaive. 
stove. performing on the above basis will be 500 de- 
grees I, starting in at 300 degrees and the stove go- 
ing off blast at 650 degrees. The burner being ad- 
justed for a gas flow rate corresponding to say 1,300 
degrees heat on 42,500 wind, ail that remains to be 
doné is to take the stove off whenever the stack tem- 
perature reaches 650 degrees. ‘his means that the 
brickwork is saturated with heat corresponding to 
1,300 degrees in blast for one hour. If less blast tem- 
perature is carried the stove will be on gas a shorter 
period; if more, it will be on gas for a longer period. 

This practice gives exceptional analyses of stack 
gases, as high as 23 per cent to 24 per cent CO,, 
maintained indefinitely. Variations in quality of blast 
furnace gas may be disregarded. 
checked frequently and burner air valves adjusted if 
necessary. On this basis a stove of good capacity 
and construction will give a maintained efficiency of 
70 per cent on clean gas. 

In the power house, builders’ guaranties can be 
and are maintained within 8 per cent. ‘This relates 
to steam consumption, horse. power.and kilowatt 
basis, guaranties. It comes down first to maintaining 
vacuum, and with the supply of water usually avail- 
able or even with re-circulated spray pond water, 
vacuum is very largely a matter of tight exhaust lines, 
maintenance of steady steam pressure and superheat, 
and good efficiencies of dry air pumps. 

Steam flow meters to turbines are necessary checks 
against good maintenance of builders’ equipment 
guaranties. 7 


Steain lines, of course, must be kept tight; traps 


must above all be given periodical and regular in- 
spection; blow-off lines kept tight, and feed water 
heater kept clean. Feed water treatment must be 
muintained at a point where a reasonably low hard- 
ness is obtained at the expense of not too great a 
causticity and alkalinity which might cause priming. 

In the boiler house attention must be directed to 
tight setting and baffling, clean tubes, inside and out. 
With these essentials fixed there remains the prob- 


lem of burning the fluctuating gas supply at the 


burners at high efficiency and at the same time there 
remains the question of balancing the fluctuating gas 
load with stoker firing. 

First, in regard to gas, unless there are a number 
of furnaces on the line, steady gas pressure cannot be 
obtained. To burn the gas efficiently the draft. must 
be regulated so as to keep approximately balanced 
pressure in the combustion chamber for. all gas flow 
rates, or for combination of stoker firing and gas com- 
bustion rates. As a manual job, this is nearly impos- 


sible. Automatic draft regulators are, however,. prac-, 


tically worked out and can be applied.’ Certain types 


of burners can be provided with differential pressure. 


regulators which wil admit varying amounts of air 
corresponding to the gas flow, and this is as good as 
regulating the draft. | 2 

--More expensive equipment is to install-a fan which 


will supply air to the gas burners.in' proportion to the 


gas pressure at the burners.: This is more positive in- 


surance of regular combustion. than can be obtained. 


with draft regulators. With a house where stokers 
are installed throughout in conjunction - with - gas 
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burners, the fans installed for the blowers, with some 
augmentation in capacity, can be used for the _posi- 
tively regulated air supply to the burners. 


Similar combinations can be worked out for use of 
blast furnace gas in conjunction with firing of pow- 
dered coal, although at high unit costs. 


Regardless of equipment installed, it is a fact that 
a difterence of 10 per cent or more in power plant. 
efficiency is within the control of the engineer in 
charge. The efficiency is in proportion to the vigil- 
ance with which he maintains the recording instru- 
ments and the constancy with. which he keeps himself 
personally familiar with the actual performance and 
condition of the power plant units and the super- 
vision that he gives to the men on watch at night as 
well as to those on the day turn. 


Such a boiler house as has been developed is one 
that will realize a maximum of load on the equip- 
ment and utilize both gas and coal fuels at highest 
efhciency. It is a house which will require as exact- 
ing supervision as a central station selling power, but 
it will make as much and probably more money for 
the steel plant as the power station will for its owners, 
and moreover, dispense with au considerable labor 
torce and insure steady steam for blowing and power 
tor all uses. 


Such a house would be unwarranted when fuel 
prices were low, but when, on the contrary, they are 
high and will ‘probably remain high, this character of 
plant demands consideration. 


However, should fuel and labor costs continue tu 
advance, or even to hold their present level, it is not 
in the least improbable that there must come a re- 


version to gas engine blowing and power generation, 


even in districts where at present coal costs have 
made the question entirely to the advantage of steam 
power and biowing. 


Epitor’s Note—The following comment of S. K. 
Varnes in discussing K. Huessner’s paper which was 
read before the A. I. M. E. meeting in February, 1916, 
may be of interest in connection with this paper: 


We have been keeping operating records for prac- 
tically all of the four years since we installed feed- 
water meters and have found these records invaluable. 
We keep segregated costs of the different operations. 
We have adopted as our unit of calculation 1.000 lb. 
of water evaporated, because this requires no con- 
version from our meter readings and enables us to 
compare not only our boiler efficiency from month to 
month but our repair cost items as well. We also 
keep a chart on which is plotted the monthly average 
boiler ‘horsepower obtained per ton of pig iron per 
day. This basis of measuring efficiency is different 
from the one advocated by Mr. Huessener, and I am 
inclined to think that his is better, because alondside 
of the first curve we have to plot a second showing 
the fuel ratio in the furnaces, in order to make the 
first curve really intelligible. If we were starting 
anew we should probably adopt Mr. Huessener’s 
suggestion. 


I might say, for the benefit of those who have not 
studied the problem as deeply as we have, that most 
of the trouble we have found with air infiltration is 
with infiltration through cracked. brickwork and 
through joints between the brickwork and steelwork. 
If the cracks and joints are carefully cared for, the 
leakage through a well-built wall is almost negligible. 
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Boiler Feed Water Purification 


Purification of Feed Water Described as a Distinct Function 
Which Is Best Carried Out Independently of the Boiler Auxiliar- 


ies—Analysis 


Showing Possibilities of Proper Treatment. 


By M. F. NEWMAN, 
Manager, Water Purifying Department, W. B. Scaife & Sons Company. 


high rates of evaporation as well as higher pressure 

has resulted in a much more rapid accumulation of 
the impurities in the water in the boilers. ‘lhe evapora- 
tion of water and of water only, as expressed by the 
chemist’s formula H,O, occurs in the generation of steam. 
Very few of the natural water supplics are of such 
purity as to permit of the concentration occurring with- 
out scale or sludge accumulation that seriously interferes 
with the efficiency and the durability of the boiler. 


Feed water supplies available at present are, as a 
rule, of worse quality than those in use in the earlier 
days of steam boiler operation. This condition is due to 
the pollution of streams by manufacturing waste, coal 
mine drainage, and deforestation. As a result of 
deforestation there is quick drainage after rainfalls 
which introduces a large amount of suspended matter. 


The great differences in the amount and kinds of 
suspended and soluble impurities in water make impos- 
sible the application of any simple expedient for purihca- 
tion. The seasonal and daily changes in water in the 
same stream often vary through a wide range. Usually 
when streams are full and the water very turbid, the 
soluble impurities are very much lower than when 
streams are at ordinary level; and, on the other hand, 
when streams are extremely low the soluble impurities 
are relatively high. 


Thi development of the steam boiler to operate at 


Keeping in mind the various sources from which im- 
purities get into water supplies and the changes constant- 
ly taking place in the relation between the soluble and 
suspended impurities, it becomes apparent that to suc- 
cessfully purify water from all sources a method must 
be employed that will standardize the water, regardless 
of the sources of supply or seasonal changes, and to main- 
tain an absolute uniformity in the purification so that 
the effect of evaporation in the boiler will not cause scale 
nor the accumulation of precipitates and other impuri- 
ties that cause foaming. 


The effect of the evaporation of the water into steam 
is to constantly increase the amount of soluble impuri- 
ties in the water in the boiler. If lime and magnesia enter 
the boiler in soluble form, the effect of the concentration 
is to precipitate the lime and magnesia. The amount of 
these precipitates is in direct ratio with the volume of 
water being evaporated and the amount of soluble sub- 
stances carried in the feed water. In these circumstances, 
it follows that any variation in the amounts of silica, 
lime and magnesia directly affects the total amount of 
impurities in the water from which steam is being evapo- 


rated. 


The rational method of purifying boiler feed water is 
to remove the soluble scale forming substances from the 
water before it enters the heater, feed lines and boilers. 
This purification should include the removal of all per- 
manent hardness and the reduction of the carbonate 
hardness to a minimum of approximately 1 grain per 
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gallon, so that the water is perfectly clear and the total 
of incrusting solids, including silica and the compounds 
of lime and magnesia, will not exceed 2 grains per gallon. 

Feed water thus purified contains no substances that 
will react under the influence of heat and concentration 
to cause corrosion, and scale does not form in the absence 
of permanent hardness in the purified water. The small 
amount of silica, lime and magnesia left in the water is 
of such character that when precipitated in the boiler 
only a slight sludge is formed. This sludge can be kept 
at a minimum by proper blowing down and periodic 
changes of water in the boilers. 

In many power plants, warm water runs to waste on 
account of the oil that it contains. The removal of oil 
and grease, including emulsified oil from the condensate, 
can be accomplished concomitantly with the removal of 
hardness and suspended matter. 


To properly soften and purify feed water is a much 
more difficult process than it 1s generally understood to 
be, because the amounts of impurities that have to be 
removed are so small in relation to the volume of water: 
Five grains per gallon of impurities in water are less 
than one-hundredth of 1 per cent; 20 grains per gallon 
are less than four-hundredths of 1 per cent. The aver- 
age of the scale forming solids in solution for water from 
supplies generally in use for boiler feed would approxi- 
mate 15 grains per gallon. It is, therefore, apparent that 
work connected with the purifying of boiler feed water 
deals with extremely dilute solutions. This, with the 
variations in the quality and quantity of the water used, 
calls for extreme accuracy of treatment. | | 


The removal of scale forming impurities in such 
dilute solutions necessitates the establishment of one or 
more constants before the accuracy required for adequate 
treatment can be obtained. The constant of primary im- 
portance is a fixed volume of water upon which to carry 
out the complete process. The constant of second im- 
portance is the introduction into the fixed volume of 
water of accurately determined weights of reagents of 
definite strength and known reaction values in the water 
under treatment. With two such constants established,. 
the mechanical features must be codrdinated so as to in- 
clude the following: 


Proper mixture of the reagents with the water. 


Accelerated chemical reaction by mixing the sludge of pre- 
vious softening throughout the water under treatment. 


Complete chemical reaction by having a sufficient volume of 
water under treatment to insure time for all the necessary. 
reactions to take place. ae 

Rapid sedimentation by having the precipitates weighted by 
the sludge of previous precipitation. _ a 

Perfect clarification by efficient filtration. 


An automatic device, to adjust the quantities of re- 
agents to the impurities of various kinds in water, has 
not been invented. The difficulties in the way are due. 
to the fact that the operation of any automatic device is 
dependent upon the volume of water. While the volume: 
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may be reduced to a constant, the impurities within the 
constant volume vary through such wide ranges that an 
automatic feeding device cannot compensate with re- 
agent solutions for the changing amounts of impurities 
within the fixed volume. 

The relation of an automatic reagent feeding device 
to the variations in impurities to be removed becomes 
more apparent when the volume of solution containing 
fixed quantities of reagents is compared with the require- 
ments per gallon of impurities to be removed from the 
water. As an example, assuming the water under treat- 
ment with an automatic reagent feeding device, the water 
normally containing 6 grains per gallon of permanent 
hardness and 4 grains per gallon of temporary hardness, 
a change of 1 grain per gallon in the total hardness 
would mean a 10 per cent increase or decrease in the 
volume of solution to be supplied. If the quantity of 
reagent solution is held constant for such periods as 8, 
10 or 12 hours, then the accuracy required to keep the 
softening exact places an undue responsibility upon the 
operator, and in practice it results in a continual search 
for the proper volume of reagent feed to mect the 
changing quantities of impurities in the water and the 
changing values of the reagents themselves. 

All chemists will agree that to insure complete pre- 
cipitation the addition of the reagents must be exact with 
‘a slight but carefully controlled excess and that they 
must be thoroughly mixed with the water. They will 
also agree that the commercial reagents such as caustic 
lime, caustic soda, soda ash, etc., will vary in purity, and 
that using these cheap reagents to remove the various 
salts of iron, lime and magnesia from the complex, 
dilute solutions calls for a very accurate method of con- 
trol and a wide experience with different waters. The 
time to be allowed for the completion of reactions is a 
question of vital importance, and temperature is also a 
factor in the time to be allowed. 

The amount and nature of impurities in the water is 
also a factor in the time to be allowed for reactions and 
precipitation. In some waters, at atmospheric tempera- 
ture, the water after treatment has settled perfectly clear 
after one hour; in other waters in the same condition 
with the same type of apparatus, this condition is not 
obtainable until after two and one-half hours; and in 
some special cases four hours. 

_ Each water presents a specific problem that has to be 

worked out from the analyses, experimental data and the 
known results in practice with water of similar charac- 
teristics. There is a vast difference between the extent 
of softening obtained in many plants, due to improper 
design, and that which is obtainable with properly de- 
signed and operated apparatus. 

In general, it is desirable to soften feed water before 
it is heated, although where condensing equipment is in 
use, the tail water at a temperature of approximately 
110 degrees 1s frequently available. 

Any water supply at atmospheric temperature or at 
the temperature of condenser discharge, can be economic- 
ally softened and purified for the removal of suspended 
matter, oil, free acids, iron, lime and magnesia, so that 
the total of incrusting solids will be less than 2 grains 
per gallon and the hardness, due to the remaining calcium 
and magnesium, will be reduced to less than 114 degress. 
This can be done uniformly and regardless of the source 
of supply from which the water is obtained. 

. The following analyses show what is accomplished 
with properly designed and operated equipment, treat- 
ing water within the range of seasonal temperatures: 

:. “The foregoing analvses illustrate the standardization 
of purified water for boiler feed. It will be noted that, 
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e 
rs] 
ee es ee, 
cen! Sent 4) ~~ 
fo S08 88 §5 
ani LUa Ua as 
B25 Bob se 8s 
=n mi SL Ne 
WES Saseewie arian paces 13.03 1.68 1.4 None 
Wells and Genesee River.. 8.20 1.73 1.15 None 
Cuyahoga River ........... 13.67 1.85 1.44 None 
Surface Reservoir ......... 16.15 1.82 1.20 None 
Cuyahoga River ........... 14.99 1.67 1.00 None 
WV 1S) se ctee aa aetaaes stage ae 25.76 1.92 1.40 None 
Monongahela River........ 9.29 1.48 1.10 None 
Toledo City Water......... 16.16 1.48 1.10 None 
Onio RIVED .sdiscve couneses 6.32 1.78 1.4 None 
Mahoning River ........... 11.18 1.66 1.35 None 
Miami River .........2e.06. 18.54 1.48 1.10 None 
River Bk. Wells (White R.) 17.38 1.74 1.30 None 
Schuylkill River ........... 8.41 1.76 1.40 None 
Spring Rive? s..c. ccs ssaves 13.97 1.52 1.00 None 
Monongahela River ....... 10.08 1.27 0.95 None 
Allegheny River ........... 5.64 1.84 1.62 None 
Genesee River ............ 17.81 1.86 1.69 None 


*Incrusting solids in treated = calcium carbonate + mag- 
nesium hydroxide + silica. 

+Hardness in treated = calcium carbonate + magnesium 
hydroxide as equivalent calcium carbonate. 


regardless of the source of supply or the amount of in- 
crusting solids in the raw water, after purification, the 
variation in the hardness is approximately 14 grain per 
gallon and that the total of incrusting solids is approxi- 
mately the same. This is of vital importance in that it 
directly affects boiler operation, for with the feed water 
thus standardized and the same result uniformly ob- 
tained, the operation of the boilers with reference to 
blowdowns and water changes can be definitely worked 
out for the evaporation factor at each plant. 


The degree of softening indicated by these analyses 
represents a condition of reduced or sub-normal solubility 
of the calcium and magnesium compounds remaining in 
the water, and as a consequence there are no after de- 
posits in pipe lines, heaters or economizers, and the sludge 
resulting from the concentration occurring within the 
boiler is a known factor. 


It is not generally recognized by boiler plant opera- 
tors that a difference of 1 or 2 grains per gallon of in- 
crusting solids may differentiate between satisfactory 
and unsatisfactory boiler operation. It should be appar- 
ent, however, that water containing a total of 2 grains 
per gallon of incrusting solids will permit of twice as great 
a concentration as water containing 4 grains per gallon. 
Another important factor in the purification of boiler 
feed, not always given due consideration, is the result 
of irregularity in softening as it affects the accumulation 
of precipitates within the boiler. If, for instance, the 
softening effect is one day carried out to 2 grains in- 
crusting solids; the next day 4 grains, and the succeed- 
ing day 2 grains; at times an excess of reagents and at 
times an insufficiency of reagents, the cumulative effect 
of these irregularities is evidenced by an over-accumula- 
tion of precipitates within the boiler, and such a cordi- 
tion is frequently the cause of priming and foaming. 
To overcome such a condition, the general practice on 
the part of those responsible for the operation of the 
boilers is to reduce the treatment with soda ash so that, 
instead of an accumulation of precipitates, a deposition 
of scale occurs which usually stops the foaming; the 
verdict then being that too much soda ash was being 
used in the water. As a matter of fact, it is not the 
amount of soda ash being used in the water but the 
irregularity with which the treatment of the water was 
being made. . 
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Recording and Regulating Appliances for 
the Steel Works Boiler Room. 


Emphasis Given to the Fuel Economies Which Can Be Effected 
in the Steel Mill Power Plant by the Proper Use of Recording 
and Regulating Appliances. 

By F. J. DENK. 


WENTY-FIVE to 50,000,000 tons of coal a year 
T are wasted in industrial power plants in this 

country, according to statements made by the 
Bureau of Mines, Bulletin No. 4, which can be saved 
without changing the present equipment. Improved 
»peration, careful supervision and good judgment are 
‘the requirements to accomplish this end. By improv- 
ing operating conditions, fuel waste will be reduced, 
hut it is not only necessary to improve conditions, 
they must be kept going by careful supervision, 
else the operators will fall back to their old methods 
of working and all previous efforts for betterment will 
become void. We, furthermore, must have means of 
knowing positively, that the improved operating con- 
ditions are actually kept going. For this purpose we 
need recording and regulating appliances, in the se- 
lection of which the boiler house superintendent has 
o show good judgment, so that he acquires those in- 
truments which are best adapted for his purposes. 
fe also needs good judgment when showing his men 
he benefits which can be derived from using such ap- 
jliances. Many of these boiler room operators view 
he instruments with suspicion, believing that they 
ire put there to “show them up” and many a time the 
vriter, when talking about installing controlling and 


efficiency devices in a boiler room was told: “I have 
been running boilers for 30 years and I know all about 


them. We do not need any instruments in this boiler 


room.” As long as coal was $0.80 a ton, delivered at 
the boiler plant, such conditions did not hurt very 
much, but times have changed and the boiler room 
superintendents know, that with the present high 
prices for fuel, savings must be effected in order to 
meet competition. .A short example will show this 
to be true. Supposing we have a boiler room con- 
taining five 600 hp boilers using 5 pounds coal per hp 
hour. This would mean a consumption of 180 tons 
of coal per day. With coal at $0.80 per ton the fuel 
cost was $144.00 per day, while with coal at $5.00 per 
ton, we have a fuel cost of $900.00. A preventable 
waste of 20 per cent meant a loss of $28.80 in the 
first case, whereas it represents a loss of $180.00 in 
the second case. A fair idea where these preventable 
fuel losses have to be looked for can be had by com- 
paring figures No. 1 and No. 2. The first shows a 
graphic representation of: the heat iosses in a boiler 
operated under conditions as they are usually experi- 
enced, while the second figure illustrates the losses in 
the same boiler, after the operation was improved. 
The comparison shows that the largest loss is 


Analysis of Heat Losses in Boiler, Showing How Effiziency Can Be Increased by Better Operation. 
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Fig. 1—Graphic representation of the heat losses in a 
250 hp steel works boiler illustrating average working 
conditions. 
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Fig. 2—Graphic representation of the heat losses in a 


250 hp steel works: boiler illustrating improved work- 
ing conditions. 
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caused by the heat carried away with the hot waste 
gases. The chimney losses are due to three different 
causes: 


1. To the excess air used in burning the fuel. 
2. To incomplete combustion. 
3. To the heat in the moisture. 


The moisture in the waste gases comes partly 
from the free moisture in the coal, partly from the 
oxidation of the hydrogen in the coal and partly from 
the air. Of these losses, the one under item 3 depends 
on the kind of fuel and on the moisture in the air and 
cannot be controlled. This is practically a fixed loss 
which varies only with different kinds of fuel. 


The losses, enumerated under item 2 can be elimi- 
nated entirely. They are due to the presence of CO 
in the flue gases which, in turn, show deficiency in 
air. A properly designed furnace with a combustion 
chamber of ample size, which allows proper regula- 
tion of the air admitted, will prevent such losses 
entirely. 

The greatest percentage of the heat losses, due to 
the waste gases, is caused by excess air as mentioned 
under item 1. This is the point where fuel saving 
can be effected. 

Approximately 12 pounds of air are necessary for 
the complete combustion of one pound of coal. ‘This 
is the theoretical quantity required, but it 1s insuf- 
ficient for actual operation. Due to the composition 
of the coal and air, and due to the conditions of the 
firebed, an excess of air over that amount 1s needed 
to insure proper working of the boiler furnace and to 
give satisfactory results. This excess amounts to 
about 100 per cent for hand-fired boilers with natural 
draft, while with stokers it should not be more than 
40 per cent. In most cases, however, the percentage 
of excess air is much higher than shown here, and the 
reason for such a condition is mainly to be found in a 
more or less careless operation of the boilers. Excess 
air decreases the amount of CO, in the gas, and any- 
thing less than 12 to 14 per cent of this constituent 
in the flue gases shows a waste of fuel. Fourteen per 
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cent CO, corresponds to about 40 per cent air excess, 
and this figure should be obtained when making a 
flue gas analysis, provided we have modern boilers. 
These conditions are illustrated in figures 3 and 4. 
Fig. 3 gives the percentages of CO, for different quan- 
tities of excess air, and Fig. 4 shows the percentage 
of preventable fuel loss for different percentages of 
CO,. As 40 per cent is the permissible minimum, the 
preventable fuel loss for 40 per cent excess air is 
called “zero.” The curve is calculated by means of 
the formula: 

per cent air excess—40 


12 
and shows plainly the increasing loss with increasing 
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Fig. 5—Actual diagram from a differential draft-draft 
recorder. 


percentage of excess air or with decreasing percent- 
age of CO,. It can, therefore, be seen, that a certain 
definite relation exists between the amount of CO, in 
the flue gases and the preventable fuel losses, .and 
that the losses can be reduced to a minimum by im- 
proving the operation of the boilers. 

Improving, for example, the conditions, as shown 
in Fig. 1 to those illustrated in Fig 2 reduces the heat 
losses in the chimney gases from 30.0 per cent to 18.4 
per cent. This was effected by reducing the quantity 
of excess air from 175 to 78 per cent or increasing the 
amount of CO, from 7.2 per cent to 11.2 per cent. 
This shows a reduction in the preventable fuel loss, 


Curves Showing the Relation Between the Carbon Dioxide, Excess Air and Fuel Loss. 


ab 3—Relation between per cent excess 
and carbon dioxide contents in flue 
gas. 


Fig. 4—Relation between per cent pre- 
ventable fuel loss and carbon dioxid 
content in flue gas. oo 
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according to curve No. 4, of 8.5 per cent. The fuel, 
thus spent in heating up unnecessary air, can be used 
for increasing the power output. 


An increase in CO, is always accompanied by an 
increase in the temperature of the waste gases and it 
is a belief, widely entertained, that the increase in 
temperature causes an increase in the heat losses due 
to the chimney gases. This, however, is not the case. 
Increase in CO, means decrease in the percentage of 
excess air, but this relation does not follow a straight 
line, but a curve, as shown in Fig. 3. We have, there- 
fore, smaller absolute quantities for the higher tem- 
peratures than for the lower ones and, for this rea- 
son, the losses will be smaller. 
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Fig. 6—Chart from combination draft recorder. This 


chart represents a balanced draft system. 
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Fig. 7—Diagram showing flue gas temperature (inner 


curve) air flow (zigzag curve) and steam flow. 
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From the preceeding 1t can be seen, that the ques- 
tion of operating the boilers efficiently and satisfac- 
torily can be traced back to controlling and regulat- 
ing the quantity of excess air. It would, of course, be 
asking too much of the men in charge of the boilers, 
to trace all irregularities, which may occur during a 
day, to this one point. For this purpose, and as an 
aid to the boiler operator, there have been developed, 
as was stated at the beginning of this article, a num- 
ber of regulators and recorders, which are supposed 
to take care of these irregularities and to either re- 
move them automatically or to assist the boiler op- 
erator in discovering them and then remove them by 
hand. These appliances can be grouped into two 


classes, viz.: 
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‘Fig. 9—Chart taken from same steam flow recorder as 


. shown in Fig. 8. This chart was taken a few months 
_ later and shows the result of a better regulation and 
_ operation of the boiler. 
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Fig. 10—Carbon dioxide diagram. This diagram repre- 
sents the conditions after the installation of the car- 
bon dioxide recorder but before the fireman was in- 
structed in the use of the new instrument. 


(VF 
ers 


= °t Le 


Fig. 11—Carbon dioxide diagram taken from same in- 
stallation as Fig. 10 after the fireman had learned to 
profit by the information given by the carbon 
dioxide recorder. 
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tig. 12—Carbon dioxide chart taken simultaneously with the 
carbon monoxide chart in Fig. 13. 
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1. Boiler efficiency instruments, and 
2. Boiler reguiating appliances. 


To the first group belong draft recorders, tempera- 
ture recorders, steam flow meters, steam pressure 
recorders, CO, and CO recorders, while the second 
group comprises damper regulators and feed water 
regulators. 

In the following we will show a number of charts. 
how these different instruments and appliances work 
and how they can be used for the purpose in ques- 
tion, i. e.: an efficient boiler operation. | 

Fig. 5 represents a chart from a differential draft- 
draft recorder. Draft recorders are used to record the 
draft at different places in the boiler. _A certain 
amount of air is required for economical combustion 
and the quantity varies with the kind of coal fired 
and also with the position of the damper. This amount 
has to be determined by experiment, and after this is 
once accomplished, the quantity required should be 


Fig. 14—This diagram shows the influence of damper 
regulators on the uniformity of steam pressure. 


kept as constant as possible for the prevailing con- 
ditions, which can be effected by carefully watching 
the drafts in furnaces and flue. For this purpose draft 
recorders or differential draft recorders may be ap- 
plied although when used separately, they do not 
give, for all conditions, a criterion, safe enough to 
judge from it the working in the combustion chamber. 
This is accomplished by either combining the read- 
ings of the two instruments, or by using a differential 
draft-draft recorder which instrument combines auto- 
matically the readings of the other two, recording 
simultaneously the draft in the combustion chamber 
(below) and the difference in draft between combus- 
tion chamber and flue (above). The fireman is, thus, 
in a position to judge intelligently the working of his 
furnace and to regulate the air supply so as to make 
this supply sufficient for the most economical work- 
ing of his boilers. m4 | 74 

For the boiler, the working of which. 1s illustrated 
in Fig. 5, it was found that the most economical op- 


eration could be obtained when the draft in the com- |. . 


bustion chamber was 2 inch we with a differential 
This is “normal operation.” 
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Overload will be indicated when both drafts are 
higher, underload when both drafts are lower, than 
normal, while excess air is shown by an increase in 
differential draft combined with a decrease in draft 
in the combustion chamber. Lack of air is shown by 
the reverse condition. According to this explanation, 
it can easily be seen, that, during most of the 24 
hours in question, the boiler was operated below its 
rated capacity. 

Another type of a combination draft recorder. is 
shown in Fig. 6, which represents a chart from a 
balanced draft system. While the position of the 
damper and the pressure in the ashpit vary, the draft 
over the fire in the furnace chamber is practically 
constant, thus showing that any predetermined pres- 
sure may be maintained in the furnace chamber for 
all rates of combustion. 

Fig. 7 illustrates a diagram showing flue gas tem- 
perature (inner curve), air flow (zig-zag curve) and 
steam flow, the latter expressed in per cent of boiler 
tating (more or less smooth curve close to air curve). 
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Fig. 15—Feed for 9 boilers controlled by spring and dia- 
phragm regulators. 


\Whenever the air and steam curve coincide, there is 
no air excess. If the air curve lies above the steam 
curve, we have air excess, if it comes below the steam 
curve, air deficiency. Thus it can be seen, that be- 
tween 12 noon and 1.30 p. m., there is an excess of 
air, while from 10:30 to 11:30 the next morning there 
is some deficiency of air. During the remainder of 
the 24 hours, the conditions are kept reasonably good, 
except at times of dumping at 6:00, 10:15 and 11:15 
p. m., and at 6:30 and 10:30 a. m. The charts also 
show the close relation between the flue gas tempera- 
ture and the rate of steam output. 

Another type of steam flow recorder is shown in 
Figs. 8 and 9. Chart No. 8 was taken shortly after 
the meter was installed, while No. 9 was taken a few 
months later and shows the result of a better regula- 
tion and operation of the boiler. 

The CO, diagrams are reproduced in Figs. 10 and 
11. They belong to the same boiler, equipped with a 
stoker furnace, and they show the influence of teach- 
ing the boiler operators. Diagram No. 10 illustrates 
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Fig. 16—Same conditions as Fig. 15, with 8 boilers 
instead of 9. 
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Fig. 17—Chart taken from same 8 boilers as in Figs. 15 
and 16 but with a different type of boiler feed regulator. 
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the carbon dioxide chart shown in Fig. 12. 
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conditions after the installations of a CO, recorder, 
but before the fireman was instructed in the use of 
the new instrument. He was running the stoker to 
the best of his ability and the percentages of CO, re- 
mained around 6 per cent most of the time, increasing 
for short periods to about 9 per cent. After he had 
learned to profit by the information which the CO, 
recorder furnished, he obtained the chart, Fig. 11, and 
continued to obtain charts showing marked imptove- 
ment. The percentage of CO, on this chart averaged 
about 12 per cent; it seldom fell below 10 per cent 
and frequently exceeded 13 per cent. Thus a marked 
reduction in the stack losses was effected. 


The percentage of CO, varies with the kiad of - 


fuel used, the method of firing, the method of ad- 


mitting air, etc. In one installation 14 per cent may. 


be the maximum that should be obtained, in another, 
8 per cent; in a third, 24 per cent (blast furnace gas). 
For this reason it is well to record the CO simultane- 
ously with the CO,. A set of charts of this type is 
given in Figs. 12 and 13, Fig. 12 illustrating the CO, 
curve and Fig. 13, the CO curve. When taken in 
such a way, the curves give an absolutely accurate 
account of the furnace conditions. 

The influence of installing damper regulators on 
the uniformity of the steam pressure can be seen from 
Fig. 14. The time between 6:30 a. m. and 3 p. m. 
represents the average operating conditions. At 3 
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p. m. the regulator was put into commission and the 
curve from that time until 6:30 a. m. of the following 
day shows the effect on the steam pressure of con- 
trolling the fuel and air supply in accordance with 
the steam demand. 


A set of three charts, showing the superiority of 
a certain type of feed water regulators, is illustrated 
in Figs. 15, 16, and 17. Fig. 15 shows feed to 9 boilers 
controlled by spring and diaphram regulators. Fig. 
16 shows the same condition, but with 8 boilers in- 
stead of 9, and Fig. 17 shows a chart from the same 
8 boilers, but installed with the new type of regu- 
lators instead of the old ones. The period between 
6 a. m. and 8:30 a. m. on the last chart illustrates the 
cutting into service and the adjusting of the new reg- 
ulators. The chart, after midnight, shows 17 boilers 
in operation. 


In the preceeding it was intended to show on a 
few representative samples the working of modern 
boiler room equipment and how such instruments and 
appliances can and should be used to improve the 
working of the boilers and eliminate waste as much 
as possible. The limited space. did, of course, not 
allow to reproduce charts of all types, but those 
shown will suffice to prove that there is, at the pres- 
ent time, no more excuse for inefficient boiler room 
operation. 


Oil Fuel for Generation of Steam Power 


Advantages of Oil Fuel—Cost and Labor Saving—Types of 
' Burners—Mechanical and Steam Atomizers—Importance of 
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Proper Furnace Design for Oil Fuel. 


By ERNEST H. PEABODY, 
President, Peabody Engineering Corporation. 


the generation of steam for power, particularly as 

compared with coal, have been enumerated so often 
that they have become almost stereotyped. The writer 
does not believe it worth while to devote much space to 
this phase of the subject in a short article of this kind. 
In fact, these advantages must be manifest to anyone 
who will for a moment consider what it means in the 
operation of a steam plant to use a fuel which can be 
handled entirely by gravity or pumps instead of by hand 
labor, which can be delivered to the boiler furnaces 
through small pipe lines at moderate pressure, which can 
be burned without smoke or ashes, which, with proper 
equipment gives the highest possible boiler efficiency, and 
which is capable of maintaining this efficiency through a 
wide range in load by the mere adjustment of a valve 
and regulation of a damper. 


Supply. a 

Oil is indeed the most desirable and ideal fuel, and 
there are only two questions which the prospective user 
will need to ask before deciding to equip his plant for 
burning oil. The first question is, can the oil be secured 
with proper regularity and in proper amount to fill the 
requirements of the plant? Second, what is the relative 
cost as compared to coal or other available fuel? 

These questions are both local in ‘character; that is, 
no definite general answer can be given to either. 

The first question will depend largely on location, but 


[th inherent advantages in the use of oil fuel for 
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it is probable that within the next few years the in- 
creased transportation facilities now being provided by 


the oil producing interests will make fuel oil available in 
‘many sections of the country. 


‘Cost. 


The second question, that of relative cost must in- 
clude not only comparative prices and heat values of oil 
and other fuels, but also the saving due to reduction of 
labor costs (and elimination to a large degree of labor 
troubles), lower mainttnance charges, greater efficiency 
of the boilers, a possible reduction of the number of 
units in service, and what proportion these various 
economies may bear to the interest charges on cost of 
installation. 


| McFarland’s Rule. 


As a rough basis for estimating whether or not the 
relative prices of oil and coal will permit of the use 
of the former, McFarland’s rule provides a general start- 
ing point. Assuming average heat values for the two 
fuels, and the possible increased efficiency of oil burning 
boilers, McFarland noticed that when the cost of the coal 
in dollars per ton (2,240 lbs.) was double the cost of 


* the oil in cents per gallon, the fuel cost of producing a 


given amount of boiler hp was approximately the same. 
Thus, coal at $8 per ton would about equal oil at 4c per 
gallon. This rule, like all empirical statements, while 
useful, is only approximate and is greatly affected by the 
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relative heat: values of the two fuels and should only be 
used for a rough estimate; further, it 1s.to be borne in 
mind that this. estimate makes no allowance whatever for 
labor saving which, in plants of large and moderate size, 
is always in favor of the oil. 


Labor Saving. 

It is not unusual in large stationary plants to find one 
fireman handling as many as 30 burners (and sometimes 
more), developing say 8,000 to 10,000 boiler hp. It 
would take about 16 firemen and four coal passers to 
develop the same power with coal hand-fired. Therefore, 
it is evident that the saving in labor by the use of oil may 
be very great and it is misleading to base any decision 
relative to the possible use of oil on the price of oil alone. 


Types of Burners. 

It is universally recognized that the most effective 
way of handling oil fuel in boiler furnaces is to inject the 
liquid into the furnaces in the form of a spray. “Burn- 
ers,” so called, are therefore in reality atomizers. These 
may be divided into two great classes: First, those which 
employ an atomizing medium such as compressed air or 
steam for producing the spray, and those in which the 
oil is atomized by means of centrifugal force induced by 
pressure. 


Mechanical Atomizers. 

In recent years the latter tvpe, which are frequently 
called “mechanical atomizers” have been largely used for 
marine purposes where the simplicity resulting from the 
use of small single pipe lines carrying the oil to the 
burners, coupled also with the fact that no fresh water 
is lost through the burners, has made this type particu- 
larly advantageous. Mechanical atomizers have not 
been used to a great extent in stationary plants on shore 
as yet, but it is now being recognized that they possess 
salient features which make their employment in station- 
ary plants, particularly those where high peak loads are 
encountered, very desirable. 

The most successful types of mechanical atomizers in 
use produce a round or conical spray, the air for combus- 
tion being admitted through special air regulators around 
the burner. The design of the regulator is most im- 
portant, particularly in water tube boilers where a num- 
ber of burners discharge the air intc a conmimon combus- 
tion chamber. 


Steam Atomizers. 

Compressed air and steam atomizers may produce 
either a round, conical flame or a flat fan-tail shape, 
according to the design of the burner, the latter being 
particularly applicable to the stationary type of water tube 
boiler as distinguished from the Scotch boiler, so often 
used for marine purposes, in which the furnaces are 
cylindrical in shape. 


Compressed air is now very seldom used for atomiz- 
ing for steam power work, as the use of dry steam is 
quite as etfective and eliminates at once the necessity for 
a compressor and a much more elaborate system of pip- 
ing with their attendant disadvantages of first cost and 
maintenance charges. On the other hand, compressed 
air atomizers, that is, the types using air at low pressure 
supplied by blowers, are very commonly used in’ indus- 
trial furnaces and are invariably to be preferred when 
furnaces of this type are situated at a remote point from 
the boilers. It is a fallacy to suppose however, that 
compressed air produces any better spray than steam, or 
that because the oxygen of the air supports combustion, 
it possesses any superiority for atomizing oil in a boiler 
furnace. Authentic tests with steam atomizers have 
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shown them to give gross boiler economies exceeding 83 
per cent efficiency, which is about the maximum which 
can be expected. ee 


Relative Advantages. 


A boiler user will therefore need to consider only two 
types of burners. The round mechanical atomizer and 
the flat flame steam atomizer, and whether one or the 
other will be preferred is a matter of purely local condi- 
tions. This is on the assumption, of course, that fresh 
water may be had in ample quantity, so that the waste of 
fresh water due to the steam used for atomizing amount- 
ing to 114 or 2 per cent of the output of the boiler will 
not result in any disadvantage. 


In general, it may be said that the mechanical 
atomizer is to be preferred for two reasons. First, 
the system is susceptible of developing much higher 
boiler ratings, and it removes from the hands of the 
operating personnel all use of steam for atomizing 
and the possibility of excessive wastage from this 
cause through carelessness. The use of the me- 
chanical atomizer, however, usually involves the re- 
moval of the grate bars and the installation is some- 
what higher in first cost. Thus the steam atomizer 
can be installed through the front furnace doors, 
leaving the grate bars intact and by merely installing 
a layer of firebrick over the bars in a suitable way 
the air for combustion may be admitted through open- 
ings and underneath the burner spray. 


If, therefore, a boiler capacity of say 100 per cent 
above rating is sufficient, the steam atomizer will 
prove entirely satisfactory in the hands of a careful 
hreman. The steam atomizer requires also somewhat 
less draft pressure for given rates of operation, and 
therefore lower chimneys can be utilized. But if the 
boiler will require forcing to over 200 per cent above 
rating the mechanical atomizer and the use of forced 
draft becomes necessary, and allowing for the inherent 
carelessness of the ordinary fireman, the economic 
results are likely to be superior. 


What Not to Do. 


The large number of patents which have been 
taken out on oil burners, particularly those of the 
steam atomizing type, indicate that it is not a dif- 
ficult matter to produce something which will spray 
oil. In fact, an ordinary piece of iron pipe flattened 
down on the end can be made to serve. It is not un- 
common to find in some boiler plants burners of 
“homemade” construction, usually the invention of 
the chief engineer; and the appearance of the fire, 
which to the uninitiated is deceptive, is likely to per- 
suade the owner that his chief engineer has saved 
him a lot of money that he might otherwise have 
squandered in the purchase of “patent” oil burners. 
This is a very fallacious reasoning and is a good il- 
lustration of the old saying: “Save at the spigot and 
lose at the bung.” There might have been causes in 
the past where oil could be had at so low a price that 
a homemade burner costing a couple of dollars might 
not waste enough oil to offset the first cost of an eco- 
nomical atomizer. If such cases have existed in the 
past, they surely exist no longer, for, with the ad- 
vancing price of oil, it becomes more and more im- 
portant to select equipment which will give the very 
best economic results. 

Thus, while it is “easy” to burn oil, and while it is 
true that oil fuel is susceptible of giving results un- 
surpassed in economy, it is also true that the amount 
of waste of good fuel which is possible in an oil burn- 
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ing plant is almost limitless. 
quently had occasion to point out that a coal fire even 
in the hands of the most, careless fireman has certain 


‘distinctive limits of inferiority below which it cannot 


go. In other words, a coal fire, when it gets too bad, 
will quit the job and go out. An oil fire will keep on 
burning, and to all outward appearances, make a very 


creditable showing, even though 20 per. cent .of the 


‘steam output of the boiler is wasted through the 
burners, and the excess air were 10 times what it 
ought to be. 4 

In these days of “conservation” therefore, the 
skilled designer of oil burning equipment finds,a de- 
cided justification for his efforts and his experience 
will be worth something to the EiCepene ea user. 


Furnace Design. . 

It may be well to point out here that the — de- 
velopment in the art of oil burning includes a great 
deal more than the mere storage, handling and spray- 
ing of the oil. The furnace design is of the utmost 
importance, and, coupled with the proper admission 
and control of the air for combustion, represents per- 
haps 90 per cent of the problem. Target walls against 
which the oil flame was made to impinge in early de- 
signs are naw no longer used, and it is no longer 
found necessary to construct tortuous passages 
through the furnace brickwork for heating the air. A 
better understanding of combustion. requirements 
have tended in modern equipment to greater simplic- 
ity, and it is not necessary to resort to complicated 
designs to secure complete combustion without 
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smake and with entire immunity from damage due to 
local overheating of the boilers. 

Simplicity in design may indeed be placed among 
the first of the requirements of the modern oil burn- 
ing outfit, and this bears particularly on the design 
of the furnace and burners where the question of re- 
pair and cleaning is of paramount importance. 


Viscous Oil. 

It is probable that the future trend of the oil in- 
dustry will result in placing on the market for fuel 
purposes a more viscous oil than has been used in the 
past. Viscosity may be reduced by heating and some 
of these.oils require heating even to be handled in the 
pumps. The ultimate results in the furnaces with 
viscous oils are not greatly different from those ob- 
tained with light fluid oils, providing always that the 
“quipment is designed for the purpose. The storage, 
pumping and atomizing of heavy viscous oils, how- 
ever, requires very different provisions from those 


which are entirely satisfactory for the lighter variety 


of oils and which are usually very fluid. Equipment 
which will handle light oils with entirely satisfactory 
results may prove absolutely worthless with viscous 
oils. 


The writer wishes to point out this fact most 
emphatically, for he believes that the owner of a 
steam plant today who installs equipment which will 
not take care of oil from 10 to 12 Baume, which are 
usually very viscous, 1s taking a chance which the 
_ promise of the future does not justify. 


‘Advantages of Superheat Steam Operation 


Results of Superheating Are Evidenced by a Considerable 
Reduction in the Cost of Operating a Steam Plant—Within 


Practical 


Limits Economy Increases With Superheat. 


By D. D. PENDLETON, 
Sales Ene nee Pecomenve Superheater Company. 


HE value of fuel used annually in this country 
T alone is estimated at over $2,000,000,000. 
Because fuel used for power plant or power 
station service represents the largest single item in 
the cost of producing power, its utility must be in- 


creased. Each pound of coal burned, each gallon of os 


oil consumed under a boiler for the generation of 
steam not only must be accounted for, but also must 
be made to do more useful work. 


Of all the means known or practiced to improve 
the efficiency of a plant, the application of high de- 
grees of superheat, for the investment, shows the most 
profitable and practical returns. Because superheat 
offers economies greater than any other single im- 
provement in power plant design, it commends itself 
to even closer consideration than engineers have 
hitherto given it. 

The returns from superheating are evidenced by a 
considerable reduction in the cost of operating a steam 
plant. Within practical limits of temperature, it has 
been found that the higher the superheat, the greater 
the economy. 

The increased economy is cftected in general in 
four ways, viz.: By increasiny boiler efficiency, by 
reducing condensation losses in steam lines. by re- 
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ducing the steam consumption of the. prime mover, 
and by increasing the capacity of the plant. 


_ Superheating Increases the Boiler Efficiency. 


A definite amount of heat is required to superheat 
steam to a certain temperature and this heat is furn- 
ished by the fuel. When a definite weight of steam is 
generated, additional fuel will be consumed to super- 
heat this steam. 


Let us assume a boiler designed without a super- 
heater to give the highest practical thermal efficiency. 
Suppose we install a properly designed superheater 
in this boiler. It will be found that the overall 
thermal efficiency of the combined boiler and super- 
heater will be greater than the boiler without the 
superheater when evaporating the same amount of 
water, because by the addition of the superheating 
surface more heat is absorbed and the final uptake gas 
temperature is lowered. This result can be accom- 
plished, however, only when the superheater is cor- 
rectly designed so as not to obstruct unduly the flow 
of the gases through the boiler. Undue obstruction 
tu the gases would decrease the overload capacity of 
the boiler. A properly designed superheater will not 
alter furnace conditions in any way. Considering a 
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given furnace condition and a given rate of firing, 
these facts are indications of added efficiency. 


Eliminating Steam Line Condensation. 

Many power plant installations are forced by local 
conditions to operate their prime movers at long 
distances from the boilers supplying the steam. The 
long pipe lines carrying the steam often are run out 
of doors where they are exposed to all kinds of 
weather. These conditions naturally have a marked 
_effect on the quality of steam when it reaches the 
point where it is to be used. 

Superheated steam prevents condensation in steam 
lines and delivers dry or superheated steam within 
practical limits to the steam user. This advantage is 
due to the fact that no moisture of water is carried 
over from the superheater and also because the low 
thermal conductivity of the superheated steam pre- 
vents condensation. Superheating is advantageous 
not only from an economical standpoint, but also be- 
cause it eliminates water hammer and its attendant 
engine and pipe troubles. 
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Fig. 1—Steam consumption of a 250 hp compound condens- 
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ing engine at different loads. 


It is a matter of historical interest that the first 
recorded use of superheated steam was necessitated 
by the condensation which took place in a long steam 
line. 

Long pipe lines now carrying saturated steam can 
be used for superheated steam without any change, 
resulting in a great saving in the available heat and 
quantity of steam delivered for power purposes. This 
fact alone should make the use of superheated steam 
on long pipe lines universal practice. 

When condensation in steam lines is reduced, both 
steam and coal are saved, because in the generation 
of steam, about nine-tenths of the heat absorbed by 
the water in evaporating it and raising the steam 
pressure is latent heat. When steam is condensed, 
latent heat is liberated and unless it performs useful 
work it is wasted. Condensation, therefore, occur- 
ring in pipe lines, represents an absolute waste of 
nine-tenths of the heat, and if the condensate is not 
returned to the boiler all the heat is wasted. A: super- 
heater is absolutely essential to raise the temperature 
of the steam to a point that all of it may be trans- 
mitted to its destination and used without condensa- 
tion losses. 


Importance of Superheat in Steam Turbines. 
High degree superheat is of vital importance in 


EEE Sree eC—“‘#E#e’SEWQQ 


=a ty (GOC gle 


The Blast Furmace™Steel Plant / 851 


steam turbines, and the steam turbine is particularly 
adapted to its use. All turbine plants of any size are 
now using superheat, several modern plants operat- 
ing at superheat temperature up to 250 degrees. 
Turbine manufacturers have made a strong claim in 
favor of turbines, in that high degrees of superheat 
can be used. The most economical steam prime 
movers of today utilize steam as high as 300 degrees 
superheat. These turbines produce a kwh for 11.5 
pounds of steam or a brake horse power hour for 8 
pounds of steam. 

The water rate of an economical steam turbine will 
be reduced 1 per cent for every 12 degrees of super- 
heat up to 200 degrees. This figure is based on large 
and economical turbines. Small turbines inherently 
less economical,.show a greater proportionate saving 
with superheated steam. 

The above results are based upon the assumption 
that perfectly dry steam has been delivered to the 
superheater. This condition, however, seldom exists. 
The usual type of horizontal return tubular boiler 
with a comparatively large water and steam capacity 
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Fig. 2—Superheat required to prevent condensation for va- 
rious ratios of expansion in reciprocating engines. 


delivers wet steam. The modern water tube boiler 
with less water and steam space is much worse. This 
condition is accentuated, particularly by the fact that 
the modern water tube boiler is forced to evaporate 
water at a rate 3 or 4 times that of the return tubular 
boiler, and the percentage of moisture in the steam 
from such a boiler is high. Take for example a 500 
hp water tube boiler having a 42 inch diameter steam 
drum. At normal rating such a boiler will deliver 
15,000 pounds of steam per hour. Conditions often 
arise when such a boiler will be called upon to 
evaporate 30,000 to 40,000 pounds of water per hour. 
Superheat takes out all the moisture that otherwise 
would be carried over and is, therefore, particularly 
beneficial when boilers operate at high capacities. 


It is this moisture which is particularly damaging 
to steam turbines. It reduces the efficiency by the 
excessive friction between the water and turbine 
parts. One authority points out that a turbine with- 
out superheat is merely a form of water brake, for 
every ounce of water passing through, no matter how 
finely divided, is inert material, and serves only to 
check the running of the machine. 


The internal surfaces of the turbines are enormous- 
'y increased beyond those in reciprocating engines, 
ind the effect of temperature range in augmenting 
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condensation is very great, even though the tempera- 
ture in the turbine does not change so widely. 

The destructive effect of water and moisture on 
the turbine blading is too well known to be more 
than mentioned. The erosion of turbine blades due 
to water is very rapid. The effect of this erosion is 
immediately felt in increased steam consumption. 
When highly superheated steam is used, however, 
water is not present to cause this erosion. 
wear is greatly reduced through superheating and re- 
blading is necessary only after much longer periods 
of operation than when saturated steam is used. 


Superheating Increases the Efficiency of Reciprocat- 
ing Engines. 

Generally speaking, the reciprocating engine will 
be benefitted more by superheat than the steam tur- 
bine will. The saving to be expected by superheat- 
ing is dependent on the amount of cylinder condensa- 
tion that would occur in the same engine if no super- 
heat were used. Evidently, the greater this condensa- 
tion, the larger is the saving possible. 

When steam is superheated 200 degrees or even 
250 degrees F., it can be exposed to the cooling action 
of the steam chest and cylinder walls without con- 
densation, and has 30 to 40 per cent greater specific 
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: " DEGREES SUPERHEAT 
Fig. 3—Effect on thermal efficiency by various degrees of 
superheat. 


volume than saturated steam of the same pressure. 
For example, 1 pound of water at 170 pound pressure 
absolute produces 2.68 cubic feet of saturated steam 
at 368 degrees F., temperature. After passing through 
the superheater and gaining 200 degrees superheat, 
the volume will have been increased to 3.54 cubic 
feet. A part of this increased specific volume is lost 
before the expansion of the steam in the cylinder 
takes place on account of the cooling action of the 
cylinder head, piston and cylinder walls. While the 
superheat in the steam entering the cylinder may be 
200 degrees to 250 degrees, the superheat of the steam 
in the cylinder at the moment of cut-off is consider- 
ably less. The elimination of all condensation losses 
together with the increased volume of the steam, ef- 
fects substantial savings in the steam consumption 
and in the fuel consumption when compared with 
saturated steam operation under the same conditions. 

The opinion frequently has been advanced that 
the mean effective pressure in cylinders using super- 
heated steam is altered from that existing when 
saturated steam is used, the initial pressure, the point 


piatizes by (GOOgle 


The Blas t burnace™ Steel Plant 


Blade . 


June, 1920 


of cut-off and piston speed, of course, being assumed 
as the same in each case. Theoretical considerations 
would indicate that a lower mean effective pressure 
with superheated steam is obtained, and this con- 
clusion would be based upon the knowledge that the 
expansion curve of superheated steam is steeper, that 
is to say falls more rapidly than with saturated steam. 
In practice, however, with highly superheated steam 
a mean effective pressure at least equal to that with 
saturated steam is obtained. An explanation will 
make this point clear. For example: In simple non- 
condensing engines the back pressure line of an in- 
dicator card is decidedly lower with superheated 
steam than with saturated steam, a condition to be 
expected because the steam exhausted contains léss 
moisture. It is, therefore, lighter than saturated 
steam, and flows through the exhaust passages with 
less resistance. C. D. Young, before the American 
Society of Mechanical Engineers, in December, 1912, 
gave conclusive evidence of this fact. 


In the case of multi-expansion reciprocating en- 
gines the cards taken from the low pressure, and, in 
the case of triple engines, from the intermediate pres- 
sure cylinder, show a higher m. e. p. is obtained 
with superheated steam. In the high pressure cyl- 
inder of multi-expansion engines it is generally true 
that the cut-off should be increased if the power out- 
put of the engine is to be maintained. 


But our consideration of the possibility of in- 
creased engine power, due to superheating, must not 
stop here. Consider a saturated steam plant in which 
the boilers are operating at their full capacity to sup- 
ply the steam demanded by the prime movers. Take 
this same plant and superheat it—the decrease in 
steam consumption per horsepower hour will result 
in a reserve boiler capacity which will make possible 
either the operation of the boilers at lower rating or 
will furnish the additional steam necessary to meet 
an overload on the prime mover. In other words, 


superheating makes it possible to increase the power 


which the prime mover may develop over what it 
could produce with saturated steam. 


In new installations, the use of superheated steam 
permits the use of engines having larger cylinder 
diameters and enables them to be operated with 
shorter cut-offs. Because cylinder condensation is 
eliminated, the gain in economy due to a more effec- 
tive expansion of the steam is realized. 

Experiments have shown that the degree of super- 
heat necessary to prevent cylinder condensation varies 
as a general rule with the ratio of expansion. + In 
American practice the steam temperatures ordinarily 
recommended are: up to 500 degrees F., for Corliss 
and slide valves; up to 650 degrees F., to 700 degrees 
F., for piston and poppet valves. 


The gain from decreased steam consumption due 
to superheated steam is ordinarily expressed in per 
cent. This gain will vary in various types of engines 
with the different superheat temperatures used. For 
example, with 150 degrees superheat, the following 
gains are produced: In simple engines, 22-24 per 
cent; compound engines, 16-19 per cent; triple ex- 
pansion engines, 14-16 per cent; uniflow engines, 10- 
12 per cent. It is, however, an assured fact, and a 
strong argument for the more general adoption of 
high degree superheat, that only engines designed for 
high degrees of superheat and using it can success- 
fully compete in economy in the power generation 
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Advantages When Operating at Reduced Préssures. 


It is often necessary, particularly with old boilers, 


to reduce the operating pressure. This candition re- 
sults in a loss in plant capacity. Superheating such 
boilers will enable them to meet the power demands 
of the plant at the reduced pressure just as well as 
the boilers did before the pressure was _ reduced. 
Furthermore, superheating in the majority of cases 
will provide an additional reserve power over that of 
the plant before the pressure was reduced. 


Power Plant Cost With Superheat. 


The installation of superheaters materially lowers 
the plant cost. Where it is used, a smaller amount of 
boiler horsepower is needed to deliver the same power. 
Roughly speaking, six boilers equipped with super- 
heaters, furnishing 150 degrees of superheat, will car- 
ry the same power load as seven boilers delivering 
saturated steam. By reason of this fact alone, smaller 
feed pumps, smaller stacks, smaller coal handling ap- 
paratus and less coal storage space are sufficient for 
the demands. 

Piping can be reduced in size, because higher 
steam velocities with superheated steam are possible. 
This reduction in pipe size will effect a saving not 
only in the pipe line but also in valves, fittings and 
covering. 

In the turbine room, superheated steam will allow 
the use of a condenser of smaller size than if saturat- 
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ed steam were used. Consequently, smaller circulat- 
ing water pumps, hot well and vacuum pumps can be 
used and minor apparatus such as steam separators 
often can be dispensed with. : 


- Conclusion. 


When superheating is correctly applied to the in- 
dividual conditions in a specific plant, it is the one 
means which will positively show an improvement in 
power plant operation in at least one and probably 
all parts of the plant where steam is used. 

All the more astonishing, therefore, becomes the 
fact that in spite of all these practical advantages, 
only about 15 per cent of the steam horsepower of 
this country is developed from superheated steam. 
Furthermore, this percentage represents not more 
than perhaps 5 per cent of all the steam power plants, 
indicating that only plants of large capacity, inherent- 
ly more economical than the vast majority of sta- 
tionary plants, use superheat. 

Is it logical that comparatively few plants having 
high evaporation rates and low steam consumption, 
should be the ones to benefit by superheat, while 85 
per cent of the nation’s steam power uses fuel ‘ex- 
travagantly? This condition is not consistent. The 
opportunity and the means to conserve fuel are ayail- 
able and the necessity is urgent. aap 


(Abstract from paper read by the author before the 
Engineers Society of Western Pennsylvania.) 


Economizers\'in Steel Mill Power Plants 


Existing Conditions in Steel Mill Power Plants Warrant Attention 

As to the Advisability of Installing Economizers—Curves 

Showing Percentage of Heat Combustion in Flue Gases. 
By J. LEE LAREW. 


N THE design of a power plant in connection with 
| a steel mill, the question of an economizer installa- 

tion has received very little attention, due perhaps 
to the fact that the designing engineers were of the 
opinion that the conditions which existed would not 
warrant its installation or perhaps the value of an 
economizer was not fully realized. This may have 
been the case in the design of some of our steel mill 
power plants in the past, but as a matter of fact, 
there are, at present, conditions existing in the ma- 
jority of the steel plants which will bear acute ob- 
servation and careful study. To appreciably under- 
‘stand the conditions under which it will pay to install 
an economizer, it is fitting that we observe some of 
‘the economizer installations, which are now in use in 
various steel plants throughout the country, especially 
those in and around the Pittsburgh district. 
doing, we will be able to form at least a fairly good 
opinion of the vast possibilities, which exist in the 
steel mill power plants to effect considerable savings 
by economizer installations. 


First of all, consider the economizer itself. It is 
usually made up of a number of sections placed side 
by side, each section consisting, when assembled.,. of 
a top and bottom header, connected to each other by 
a number of tubes. These sections are connected to- 
gether at the top and bottom by branch pipes, through 
which the feed water on the way to the boiler, enters 
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and leaves the economizer. The economizer is then 
placed in the path of the flue gases leaving the boiler 
on their way to the stack. This is done to permit 
the feed water to absorb a certain amount of the heat 
in the flue gases, which would otherwise be lost. 
Fig. 1 represents a set of curves showing the per- 
centage of combustion which passes off in the flue 
gases at various temperatures, each of the three 
curves, A, B and C, representing different conditions, 
as follows: 


Curve A is based upon using 18 pounds of gas per 
pound of combustible in the fuel and represents the 
average underfeed stoker operation with forced draft. 


Curve B is based upon using 24 pounds of gas per 
pound of combustible in the fuel, and represents aver- 
age overfeed or natural draft stoker operation. 


Curve C is based upon using 30 pounds of gas per 
pound of combustible in the fuel and represents aver- 
age operation with: hand firing or natural draft. 


It is a well known fact that a high percentage of 
the heat in the fuel always leaves the boiler in the 
flue-gases, due to the fact that it is impractical as 
well as uneconomical to construct any boiler whose 
surface 1s large enough to transmit all of the heat 
generated in the furnace. Hence. when the condition 
is such that hot gases of a fairly high temperature’ 
pass off into the air, a certain amount of heat, which 
would otherwise be wasted, could be utilized by the 
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introduction of an economizer. If this is done, a 
greater evaporation in the boiler per pound of fuel 
burned will be the result, as well as a corresponding 
fuel saving. 

The temperature relations existing in a boiler and 
cconomizer under average conditions should be care- 
ully noted. Since the products of combustion are 
initially of a high temperature the transmission of 
neat through those parts of the boiler surface with 
which the gases first come in contact is very rapid, 
and the drop in the temperature of the gases is cor- 
respondingly precipitous. As the temperature dif- 
ference becomes less, the rate of heat absorption falls 
off until a point is reached where the boiler surface 
no longer absorbs sufficient heat to pay the annual 
maintenance charges upon that particular surface. A 
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50 per cent addition to the boiler heating surface 
would lower the temperature approximately 100 de- 
grees or so. However, by adding surface in the form 
of an economizer and introducing therein the cold 
feed water, the available “heat head” inducing the 
flow of heat can be multiplied by two or more, with a 
corresponding increase in profitableness, especially 
considering the fact that the annual charges on the 
economizer are less than on the boiler, square foot 
for square foot. 

By the use of an economizer, feed water supplied 
to the boiler may be raised to a temperature above 
that of a hot-well, a feed water heater, or the ordinary 
water supply. The temperature to which the water 
has been raised after passing through an economizer 
will, under most conditions, closely approximate the 
temperature of the water in the boiler to which it is 
being fed. Accordingly, the higher the temperature 
of the feed water. the greater the proportion in fuel 
saving, or in other words an increase of capacity will 
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be obtained. This increase of capacity will range 
from 10 per cent to 15 per cent or even more, depend- 
ing, of course, upon the power plant conditions. 

In most, if not in all, the steel plants throughout 
the country and especially those in and around the 
Pittsburgh district, we find that the water which is 
available for boiler feed water use, is in very bad 
condition. This, naturally, is due to the fact that the 
water receives all sorts of contamination before it 
reaches the point where it is taken into the power 
plant. If this water is porees through an economizer 
in this bad condition, the heating of the water, while 
it is in the economizer, will be highly instrumental 
in its purification. True, to be sure, a certain amount 
of deposit. will be formed in the bottom of the 
economizer sections. The preliminary heating of the 
water in an economizer also exercises a beneficial in- 
fluence where scale forming feed water is used. The 
bicarbonates of lime and magnesia, which constitute 
the principal scale-forming constituents of most water 
supplies, are dissociated at temperatures of 200 de- 
grees F., and above into carbonic acid gas and the 
insoluble mono-carbonates of lime and magnesia, 
with the result that a precipitate is formed which set- 
tles out of the water. If the water is heated in the 
economizer, a large part of this matter accumulates 
in the latter as a soft sludge, instead of being carried 
into the boilers, where it would bake onto the heat- 
ing surfaces as a hard crust or scale, and while it is 
a difficult and expensive operation to clean boiler 
tubes, it is a comparatively simple matter to remove 
this deposit from the economizer. 


The question of load in the steel plant is one 
which demands the use of an economizer. It is a 
well known fact that here the load is anything but 
constant. This is due to the fact that the operation 
of the rolling mills, and other mills, causes the load 
to fluctuate from very low to exceedingly high peaks, 
at periods which the power plant does not control. 
Although it is quite a difficult matter to reason out 
just what the effect of load variations is upon an 
economizer as a heat absorber, yet we do know that 
the operation of power plants, with such variable 
loads as are present in the steel mills, is anything else 
but economical. With these loads suddenly going off 
and coming on, the power plant regulation is greatly 
assisted by the use of an economizer. This acts as a 
large storage for hot water, which means that there 
is always a great quantity of hot water available, 
when it is needed by the boiler to meet the demand 
of any load conditions whatsoever, which the boiler is 
called upon to perform. Suppose it were possible to 
install an economizer in conjunction with a boiler in 
such a manner that the economizer would be used 
simply as a storage for hot water, the temperature of 
which would be so close to the point where it would 
be converted into steam, that only a slight change in 
condition would bring this about. Then have the 
boiler of the so-called “flash” type whose function 
merely would be that of quickly changing this water 
into steam in quantities sufficient to meet the load 
demands. The boiler then would not have to be as 
large as under ordinary conditions and we would 
find that the installation cost would be cheapened due 
to the fact that the price per square foot of heating 
surface of an economizer is less than that of a boiler, 
The conditions, as stated, though, are only ideal, but 
this tends to illustrate the value of the economizer as 
i) storage for hot water. 
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We find in the steel mill power plants as well as 
in most all power plants which are called upon to 
carry heavy loads that there is a great tendency to 
operate these plants at very high pressures. This 
being the case the gases leaving the boilers are going 
to be correspondingly higher than under ordinary 
operating pressures. Here, again, we find an excel- 
lent condition for the economizer installation. As 
has already been stated the addition of boiler surface 
to take care of a greater rate of absorption when op- 
erating at high pressures would not be as profitable 
as adding surface in the form of an economizer. 


Another problem, which must be solved, is the 
question of high ratings. In steel mill power plants, 
the tendency is becoming stronger and stronger to 
operate at high ratings. The engineers in charge are 
iorced to resort to, and, accordingly, must demand 
high ratings. Immediately this will abolish the ques- 
tion of natural draft, the alternative being an induced 
draft equipment with a stack temperature of perhaps 
650 degrees to 700 degrees or possibly more. This 
signifies that a very large volume of gas will be given 
Accordingly, the in- 
duced draft fan must be correspondingly large to han- 
die this volume of gas, at these high temperatures 
and, naturally, this gas will pass off into the air car- 
rving with it an enormous amount of heat which 
shouid be utilized instead of being wasted. This is a 
very undesirable condition. On the other hand, by 
the introduction of an economizer in the path of these 
hot gases, we find that there would be a great reduc- 
tion in the temperature and likewise in the volume of 
the gas to be handled by the induced draft equipment. 
Since this would be the case, it is evident that an ap- 
preciable saving would be realized in the cost of the 
induced draft fan, due to the fact that a smaller unit 
could be installed, which would be sufficient to han- 
die the smaller volume of gas leaving the boiler. 
Hence, it is plain to see that an economizer installa- 
tion would greatly improve the undesirable conditions 
which are produced when operating at high ratings. 
Furthermore, the economizer appears to open up the 
way for greater developments in the field of steel mill 
power plant operation at high ratings. | 


Considerable discussion has been entered into by 
various engineers regarding the installation of econo- 
mizers on waste heat propositions. As is well known, 
the grases leaving the open hearth furnaces, in the 
steel mills are of temperatures ranging anywhere 
‘rom 1,000 degrees to 1.500 degrees or so. If a waste 
seat boiler is used in connection with the open hearth 
‘urnace, the gases leaving the boiler are usually in 
‘ye neighborhood of 500 degrees to 600 degrees or 
nore. These temperatures are approximately the 
ame as would be obtained in ordinary practice with 
i coal fired boiler, at which temperatures an econo- 
nizer could be installed to afford an increase of ca- 
acitw. If a careful survey of waste heat boilers in 
teel plants is made, you will readily understand why 
ome engineers do not prefer to install an economizer 
vith a boiler of this type. By actual test it has been 
‘iscovered that most of the waste heat boiler installa- 
‘ons have been such that they permit an enormous 
mount of air infiltration. This, of course, tends to 
educe the gas temperatures as well as decrease the 
apacity of the boiler, hence to actually. decide wheth- 
+ the conditions will warrant an economizer installa- 
‘on, it 1s highly essential that the minimum air leak- 
ze possible be obtained before any conclusion re- 
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garding the existing conditions is formed. If this is 
done the draft loss through the boiler will be mini- 
mized, and surprisingly enormous gains will be 
secured. 

In Scotland, there are a number of economizers 
installed in connection with waste heat boilers using 
the gases from open hearth furnaces. The installa- 
tions have been, from every point of view, an eminent 
success. No difficulty has been experienced with ex- 
plosions—the flue work and setting of both boilers and 
economizers having been amply provided with ex- 
plosion doors. It would hardly appear possible for 
explosions to occur in the economizers anyway as the 
temperature of the gases is considerably lower than 
that of the ignition temperature. These installations 
have aroused a great deal of English interest and re- 
cently quite some activity has been shown in this 
country along these lines. 

In the olden days when the amount of blast fur- 
nace gas available was sufficient to meet the power 
requirements in the steel plants, the question of an 
economizer was of no avail. But in the present day 
operation we find that the power requirements far 
exceed the supply of the blast furnace gas and as a 
result coal has been the next leading fuel. Conse- 
quently the power plants were designed to use this 
type of fuel. Owing to the fact that the price of coal 
is rapidly advancing, the question of an economizer 
installation again presents itself as a means of fuel 
saving. 

Thus, the installation of economizers in steel mill 
power plants should be regarded as a necessity. Any 
power plant operation, at high ratings as well as at 
high pressures, is bound to lower the efficiency of 
the boiler. Since the steel mill power plant engi- 
neers are compelled to operate at high ratings and 
pressures, it follows that any economizer installation | 
will be of greater value, the lower the boiler ef- 
ficiency. Steel mill power plant operation is subject 
-o variable loads, and naturally the saving in fuel, 
which an economizer will afford, will be proportional 
ta the load factor. The question of saving in cost is, 
therefore, obvious. 


USE OF LARGE TURBINES IN THE STEEL... 
INDUSTRY. on 
(Continued from page 356) — 
and the installation of turbines capable of utilizing 
the steam thus rendered available, would meet all 
power demands for the mill itself and have a surplus 
amount of power for sale as a by-product. 

The steel. mills already sell by-product cement, 
benzol, fertilizer, etc., so that it would not be a radi- 
cal departure to sell one more commodity and the 
market exists at the doors of the steel plants. Prob- 
ably arrangements, satisfactory to both parties, could. 
be made to tie in with the lines of the public utilities 
supplying the neighborhood. Such a plan would 
help conserve the natural resources of the country 
and help fulfill its industrial requirements. 

In the past, when the generation of power has. 
been incidental, too little attention has been given in 
some cases to the careful ‘and skillful operation of 


turbines installed in steel mills. This is a point which | 


is now receiving more attention but if the generation — 


of power becomes a producer of revenue, one of the... _.° 


beneficial results will probably be to impress the op- 
erating force with the importance of their work. In- 
telligent and efficient operation is the source of 
reliability. 
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Use of Large Turbines in the Steel Industry 


Increase of Large Turbines in Steel Mills—In Steel Mills 
Turbine Capacities Have Increased From Approximately 
1,500 kilowatts to 20,000 kilowatts. 


By H. C. FAIRBANK. 


HE term “large turbine” has changed in its mean- 
T ing. In 1903 the largest turbine installed in this 

country was rated 5,000 kw. The largest single 
cylinder turbine with a single generator today is rated 
50,000 kw. In steel mills turbine capacities have in- 
creased from approximately 1,500 kw to 15,000 kw 
and 20,000 kw capacity. This increase in turbine ca- 
pacity of course is due to the increased use of elec- 
tricity through the steel plant, particularly for main 
roll drives and their auxiliaries. 

As steam driven mills were changed over to electric 
drive, the tendency at first was to install turbine capacity 
to meet the anticipated electric load, with perhaps a 
duplicate unit as a spare. When additional mills were 
electrified perhaps a turbine of capacity great enough to 
carry the total load of the plant was installed; the older 
turbines being held in reserve. 

The steam pressure was usually limited to the operat- 
ing pressure on the engines. Although the economic 
advantage of higher pressures for the turbines was recog- 
nized, there was considerable reluctance to the use of 
more than one steam pressure in the mills. Now the 


tendency is toward the installation of central power 
stations in the steel mills, with new boiler plants designed 
for pressure from 200 to 250 pounds or higher. 

Inasmuch as these boilers are operated separately 
from the boilers supplying steam to the engines, advan- 
tage is taken of the economic possibilities of superheated 
steam. 

Among the factors which should be considered in 
determining the size of units for any proposed installa- 
tion are the increasing fuel costs and the power shortage 
in nearly all industrial centers. 

The attention of the management of a steel plant is 
largely fixed upon the production of pig iron and steel. 
The question of the production of electricity and the 
utilization of the available heat units is secondary. How- 
ever, the savings which can be made over existing prac- 
tice are so great that they warrant giving this question 
the utmost consideration. | 

The installation of waste heat boilers on open 
hearth and heating furnaces, the burning of by-prod- 
uct gas and blast furnace gas under modern boilers, 

(Continued on page 355) 
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New Small Type Turbine for Steel Plants 


Development of Small Mill Type Turbine for Steel Mill 
Use Which Is Ruggedly Built and Has Economical Steam 
Consumption. 


By R. M. RUSH, 
President, The Rush Machinery Company. 


MALL steam turbines may be made in a number of 
S ways. In the past they have usually been made to 

suit the turbine manufacturer. This article deals 
with a small steam turbine designed and manufactured 
to suit the steel mill operator. 


Electric motors so built have long been known as 
“‘mill type” motors. In fact, we have ‘‘mill type” mag- 
nets, cranes and other apparatus in common use in steel 
mills, but heretofore no effort has been made to place in 
commercial use a steam turbine 
answering that description. The 
first requirement of such a ma- 
chine is that it give uninterrupted 
service regardless of the operating 
conditions. Linked with this is 
freedom from repair charges over 
a long period of:time. The other 
requirement is that the turbine be 
economical. 

There is no longer: any 
mystery regarding what 
steam consumption can be 
obtained with given blade 
velocities, wheel diameters, 
and steam pressures. Bucket 
and nozzle angles may affect 
the result a little, but these 
are so well known to tutbine 
designers today that they 
cannot enter into the prob- 
lem. <A velocity stage tur- 
bine with wheels large 
enough to make the steam 
velocity and the bucket 
velocity bear their correct 
relation, is admitted to be 
the most economical type of 
turbine for non-condensing 
service. A three-row Curtis 
with buckets enlarging to 
accommodate the expanding 
jet of steam will, generally 
speaking, use from 10 to 25 
per cent less steam at favor- 
able speeds, than any other 
type of non-condensing tur- 
bine. With steam costs rapidly mounting in every steel 
mill it is obviously this type that should have the favor- 
able consideration of the steel works steam engineer. 


Various ingenious devices have been developed in the 
past for cheapening velocity stage turbine manufacture. 
Chief among these have been the attempts to make one 
turbine wheel with one row of buckets take the place of 
three. Obviously this makes a cheap and simple turbine 
and in the days when steam was produced for 15 cents 
a thousand pounds its use was well justified. With 
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About 10 years ago steam turbine driven pumps, 
generators and fans were quite rapidly installed to 
replace reciprocating units. The principal reason for 
this was their better steam economy. The type of tur- 
bine used most generally was a fragile, high speed 
machine which eventually resulted in turbines being 
condemned by mill operators as unreliable. The ten- 
dency then was to use types that were first of all re- 
liable but not necessarily economical. With rising 
steam costs the question of economy is being more and 
more emphasized and there has been an insistent de- 
mand for a turbine that would prove both economical 
of steam and thoroughly reliable. In other words, there 
has been until recently an unsatisfied demand for a 
“Mill Type” of steam turbine. 


steam costing more every day, a saving of 10 per cent in 
steam consumption will soon pay for an economical steam 
turbine. Other attempts to cheapen turbine manufacture 
have been the elimination of various necessary parts of 
the turbine such as bearings, governors, etc. While it is 


quite possible to build and operate turbines of very small 
power with only one bearing, in the larger sizes, wheels 
must have sufficient diameter to give efficient bucket 
speeds and conservative design demands two bearings 
supporting a stiff shaft. It is thus 
evident that the three-row Curtis 
turbine with wheels large enough 
to give highest steam economy, 
shaft stiff enough to support these 
wheels and two bearings large 
enough to support this shaft, must 
be the basis for a true “Mill Type” 
turbine. The type of turbine used 
most generally was a fragile, 
high speed machine which 
eventually resulted in tur- 
bines being condemned by 
mill operators as unreliable. 
The tendency then was to use 
types that were first of all re- 
liable but not necessarily 
economical. With rising 
steam costs the question of 
economy is being more and 
more emphasized and there 
has been an insistent demand 
for a turbine that would 
prove both economical of 
steam and thoroughly re- 
liable. In other words, there 
has been until recently an 
unsatisfied demand for a 
“Mill Type” of steam turbine. 
The accompanying photo- 
graph shows a 100 hp “Mill 
Type” non-condensing tur- 
bine with its casing on and 
with the top half lifted. This 
photograph tells graphically 
the story of the productive 
methods which makes pos- 
sible the marketing of a “Mill Type” turbine. Anyone 
familiar with the small turbine business is fully aware that 
no two sets of conditions are alike. In the electrical busi- 
ness voltages, cycles and speeds are pretty well standard- 
ized. The small turbine designer, however, must be pre- 


pared for steam pressures of from 80 to 350 lbs. and 


terminal pressures of from 50 lbs. back pressure to 29 inch 
vacuum. Speeds and horsepowers vary with equal facility. 

The natural result has been that most turbines are 
designed for an ideal set of conditions and for any other 
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set a compromise must be effected. With the Kerr 
sectional casing the proper number of stages can be added 
to make any particular turbine the right turbine for the 
job it has to do. Rateau stages, which are more economical 
for the vacuum end of the turbine, can be added for the 
particular vacuum it is desired to carry, and all of this 
can be done with standard stock turbine parts. 

A brief description of the turbine is in order. The 
buckets are of nickel steel drop forgings, carefully heat 
treated. During the war a large number of turbines 
were built for ship propulsion. Forged buckets were 
used in a great many of these and a system of heat-treat- 
ment for buckets was developed which made them strong 
and tough, and at the same time left a hard skin on them 
that resisted erosion. The buckets are fastened to the 
wheels with bulb shanks that make it impossible to pull 
them out. The first experimental turbines of this type 
were installed nearly two years ago and inspection shows 
not the slightest sign of bucket wear or erosion. 

Carbon packing of a special kind is used to prevent 
steam leakage at the shaft. In the old Rateau type of 
turbine where steam under high pressure was employed 
inside the turbine casing, carbon packing was a great 
source of annoyance. In the “Mill Type” of turbine two 
things have been done to eliminate this trouble. First 
of all the steam does not enter the casing under pressure, 
but expands from steam chest pressure to about atmos- 
phere in the first set of nozzles. The second point is 
that a new kind of carbon ring has been developed that 
is non-breakable and practically non-destructable. If 
fragile carbon rings were able to hold steam pressures of 
200 pounds in the Rateau type of turbine, an equal num- 
ber of better rings will eliminate any trace of leakage 
with the low pressure inside the casing of the “Mill Type” 
turbine. | 

The governor is of the standard direct connected 
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type for small machines and the same type operating 
an oil pilot valve to actuate a piston in a cylinder in 
the larger turbines. A Schutte & Koerting trip and 
throttle valve with remote control, solenoid operated, 
can be furnished to trip with even the smallest tur- 
bines. Usually separate trip and throttle valves are 
not furnished with any except large turbines, but the 
safety engineers of the steel mills are demanding bet- 
ter emergency governor and trip valves even on small 
turbines. 


A special type of overload valve has been de- 
veloped for the “Mill Type” turbine. It makes use of 
the well known principle of turbine operation that the 
steam pressure below the governor valve varies di- 


rectly with the load. As the load reaches 100 per 


cent the governor valve opens wide and the steam 
chest pressure is practically line pressure. When 
such a condition occurs, additional nozzles are auto- 
matically opened by the overload valve. 


This overload valve will open in case of low steam 
pressure, drop in vacuum or increased load. It 1s 
particularly desirable in mill service pump drive, 
where it is necessary to keep the pump running under 
any condition. This valve is furnished as_ special 
equipment. One was recently furnished with a 700 
hp condensing turbine that enabled the turbine to 
develop full load automatically upon failure of the 
condenser and upon drop in steam pressure to 90 
pounds. It will keep the mill service pump going as 
long as there is steam in the boilers. 


The question of a mill type of steam turbine has 
been discussed with the chief engineers, master me- 
chanics and managers of a great many steel plants. 
The consensus of opinion, as the writer has found it, 
is that such a machine fills a definite demand. 


Twin Tandem Compound Reversing Engine 


United Engineering and Foundry Company Builds Reversing 
Steam Engine to Drive New Forty Inch Blooming Miull at 
Weirton Steel Company. 

By W. W. McBANE. 


HE UNITED ENGINEERING & FOUNDRY 
CO. is just completing a 42 inch and 66 by 60 inch 
twin tandem compound reversing engine for the 

Weirton Steel Company. The engine is to drive a new 
40 inch blooming mill. , 


Fig. 1, which shows a prospective view of the engine 
shows its simple rigid massive construction. The work- 
ing steam pressure will be 225 pounds per square inch 
with 125 degrees F. superheat, and the exhaust will be 
connected to a 108 inch barometric condenser. The 
crankshaft has four bearings. The main bearings have 
cast steel caps, quarter boxes and bottom shells. The 
main bedplates or frames are of the simplest possible 
outline of the bored guide type arranged as far as pos- 
sible for the working strains to act in straight lines. The 
low pressure cylinders are attached directly to the bed- 
plates and the high pressure cylinders are attached to the 
low pressure. cylinders through single piece cylindrical 
distance pieces which are provided with guides for the 
intermediate sliding heads. The main crosshead and in- 
termediate and rear sliding head shoes are arranged for 
wedge adjustment. . The back end of the low pressure and 


Google 


both ends of the high pressure cylinders are carried on 
flexible steel plates. This construction which is clearly 
shown by both Figs. 1 and 2, insures rigid alignment and 
at the same time provides for free expansion. 


The entire design is of the simplest and most acces- 
sible possible, with a view to reducing to a minimum the 
number of moving parts, and assure continuous reliable 
service. The valve gear is of the Stephenson type with 
the eccentric rods connected directly to the low pressure 
valve stem crossheads. The low pressure and high pres- 
sure valves are of the tubular piston type with both valve 
stems directly in line. This arrangement gives a straight 
line pull from the eccentrics to the valves and a minimum 
of connections to wear and cause lost motion. The link 
motion is operated by a steam cylinder checked by a 
water-cooled oil cylinder and controlled from the pulpit 
through a floating lever. The entire control of the engine 
is by a single lever. 

The main steam connection as well as the exhaust 
from the engine is carried underneath the floor as shown 
by Fig. 2, thus eliminating the danger of the steam con- 


nections being wrecked by crane loads. 
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Fig. 1—Prospective view of engine showing its rigid massive construction. 
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The cranks and eccentrics and all moving parts, as 
far as possible, are enclosed with sheet steel to make the 


engine safe to operate, and prevent oil throwing from_ 


moving parts and escaping, so that the engine may easily 
be kept clean. Sheet steel guards are also provided along 
the eccentric rods on both sides of the engine to prevent 
oil escaping and also to make a safe passage through the 
center of the engine. This passage being on the same 
level the entire length of the engine. The plan view of 
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Fig. 2 clearly shows this arrangement. 

The main bearings, cranks, crossheads and guides, in- 
termediate and rear slides, eccentrics, etc., are arranged 
for continuous lubrication in connection with a gravity 
oiling system. The high pressure steam cylinders and 
high pressure and low pressure piston rods and valve 
stems are connected to Richardson sight feed lubrica- 
tors. As far as possible, the valve gear parts are 
arranged for grease lubrication. 


The Unatlow Engine as a Prime Mover 


Simplicity of Construction and Economy in Steam Consumption 
Urged as Valuable Features in Favor of Extended Use of 
the Unaflow Engine. 


OR some years past it appeared as if the recipro- 
F cating steam engine was fast losing ground in its 
position with other prime movers and would soon 
become a matter of history. In power plants the steam 
turbine took its place while in rolling mills the electric 
motor was substituted. In recent years, however, en- 
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Fig. 1—Diagram of steam consumption per horsepower per 
hour plotted against per cent rating 


gineers have come to the conclusion that the abandoning 
of the steam engine has been carried too far and from 
present indications the steam engine is again coming to 
the front. — 

This change in opinion has been largely brought about 
by the introduction of the Unaflow type of engine which 
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is the invention of Prof. Stumpf. This type of recipro- 
cating engine combines two exceedingly valuable features, 
namely, simplicity in construction and economy in steam 
consumption. 

Heretofore simple. engines were wasteful while eco- 
nomical engines were expensive and complicated ; further- 
more, complicated multi-expansion engines of the old 
or “Watt” type are economical over a narrow range of 
load only, while the “Unaflow” or “Stumpf” type of 
engine is economical over a much wider range. The rela- 
tion with respect to economy and range of load is illus- 
trated by the following diagram. 

The Unaflow engine shown by curve No. 1 is as eco- 
nomical as the average compound engine shown by curve 
No. 2, but sustains that economy over a greater range of 
load. The triple expansion engine shown by curve No. 
3 is a little ahead of the Unaflow engine with regard to 
economy at rated load, but it loses that very quickly if 
the load changes. No actual steam consumption figures 
are given in the diagram for the reason that the steam 
consumption varies with the size of engine, steam pres- 
sure, superheat, back pressure and vacuum when operat- 
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Fig. 2—Diagram of Unaflow engine cylinder. 


ing condensing and it was therefore preferred to give an 
average relation diagram of the three types of engines. 
which will show the relative economies without confu- 
sion. 

Those who are familiar with reciprocating steam en- 
gines know that internal cylinder condensation is the 
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greatest enemy of steam engine economy. A large part 
of the incoming steam condenses on the cold cylinder 
walls forming a thin film of water. A small part of this 
water re-evaporates during the expansion stroke, doing 
a small amount of work, but by far the largest portion 
of the water film flashes into steam when the exhaust 
valve is opened and passes into the exhaust port doing 
no work and at the same time cooling the cylinder walls, 
thus making them ready to condense steam again during 
the next working stroke. 

If cylinder condensation can be eliminated, recipro- 
cating steam engines will be more economical than steam 
turbines. While the Unaflow principle does not entirely 
eliminate cylinder condensation it does, however, reduce 
it by about 60 per cent of the whole amount and thereby 
produces an engine which is far ahead of the “Watt” or 
duoflow type of engine. The principle itself is very 
simple as shown by the following diagram. 

The piston is made long so that it acts as an exhaust 
valve in connection with the exhaust port B at the center 
of the cylinder. The steam enters at A (cylinder end) 
and leaves at B (center of cylinder) whenever the piston 
has uncovered the port B. The cold exhaust steam does 
not flow over the cylinder ends and therefore does not 
carry off any heat, or in other words, the exhaust steam 
does not cool off the cylinder heads, steam inlet ports and 
the adjacent cylinder walls as happens with other types 
of engines, and therefore, any condensation of the in- 
coming steam due to such causes is eliminated. Con- 
densation on the cylinder heads and on the ends of the 
barrel during the compression stroke is prevented by 
jacketing. This jacketing is an important feature in con- 
nection. with a central exhaust and is covered by a letter 
patent. 

In case of loss of vacuum the inlet valves are lifted 
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by compression and make a fluttering noise which indi- 
cates that the condensing apparatus has ceased to func- 
tion. Auxiliary clearance volumes are provided in the 
cylinder heads so that the clearance can be increased in 
order that the engines may have the proper compression 
when running non-condensing. The clearance valve is 
opened by means of a hand wheel and the change from 
condensing to non-condensing operation or vise versa is 
thus effected by the simplest means. There is no equally 
simple method in existence for the old duoflow type of 
engine or the steam turbine. 

The Unaflow engine is invariably designed with 
poppet valves for steam inlet. This type of valve is not 
affected by superheated steam, whereas the time honored 
American Corliss valve is wholly unsuited for super- 
heated steam. The Unaflow engine is, therefore, just as 
adaptable to modern power plant conditions as the steam 
turbine is, and perhaps more so, for the reason that 
Unaflow engines are now contemplated for usually high 
steam pressures and high superheats that are far beyond 
the range of the steam turbine. ‘ 

With all of the advantages of the Unaflow engine it 
is not to be expected that it will in every case and every- 
where compete with the steam turbine and electric motor ; 
but there are many cases where the Unaflow engine is 
the only right solution; among such cases are the fol- 
lowing : 


Power plant units that have to run non-condensing a con- 
siderable part of the time. 

Power plant units for direct current. 

Rolling mill engines for mills having waste heat boilers. 

Rolling mill engines for mills with central power stations 
having steam turbines of less than 10,000 kw capacity per 
unit. 

Rolling mills or power plants with warm or insufficient water 
for condensing purposes. 


Fig. 3—Installation of two Unaflow engines each driving a 900 kw dc generator. 
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In all cases, mentioned above, the Unaflow engine 
will effect a considerable saving over any other type of 
prime mover used. 


Mention might also be made of the fact that with 
the Unaflow engine, steam can readily be bled from the 
engine at any desired low pressure, for steam heating, 
drying, vulcanizing, etc., and very good overall efficien- 
cies can be obtained by this method for varying demands 
of steam for heating or other manufacturing processes. 

The simplicity in the construction of the Unaflow en- 
gine is equally as notable as its economy in operation. 
Due to the absence of exhaust valves, the valve gearing 
is confined to the two inlet valves which are operated by 
eccentrics from a lay shaft in much the same manner as 
the valve gearing of a gas engine is driven, excepting in 
the case of the gas engine the lay shaft must operate the 
exhaust valves as well as the inlet valves. The lay shaft 
is driven from the main shaft of the engine by means of 
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gears. A powerful and sensitive governor controls the 
lift of the inlet valves, or in other words, the amount of 
steam admitted to the cylinder and insures steady regu- 
lation. With high steam pressures the superheat, a steam 
consumption as low as 10 pounds per ihp per hour is 
readily obtained in condensing operation. Due to its uni- 
formly high economy and simplicity of constriction, the 
Unaflow engine is ideal for rolling mill service. 


The Stumpf Unaflow Engine Company, whose 
patents have been sustained through all the courts of the: 
United States, has licensed the Mesta Machine Com- 
pany to manufacture the Stumpf Unaflow Engine under 
their patents, and has granted them the exclusive right 
to build this type of engine for rolling mill service. 


The illustration, page 361, shows two Unaflow en- 
gines installed in the power plant of the Mesta Machine 
Company, each driving a 900 kw direct current generator. 


Burning Coke Breeze on Underfeed Stokers 


This Article Deals With Metallurgical Coke Such as Is Used in 
Blast Furnaces—Metallurgical Coke Is Harder to Ignite and 
Burns More Slowly Than Gas Coke. 


By F. A. DE BOOS 
The Underfeed Stoker Company of America. 


N the manufacture of coke there results a considerable 
| accumulation of fine abrasions amounting to approxi- 

mately 6 per cent of the total coke produced. These 
fine abrasions are termed coke breeze, and in general 40 
per cent will pass through a %4-inch mesh screen, and 60 
per cent through a 1%-inch mesh. These sizes are too 
small for blast-furnace work. 


There is a small commercial market for the coarser 
particles ranging in size from 3% to 1% inches, but there 
is very little demand for the finer particles ranging from 
dust to % inch. The reason for this is that coke breeze 
is very difficult to burn efficiently. 


Fig. 1—Vertical cross section of five retort Jones A-C stoker 
tal g mixture of three parts coke breeze and one part 
Cc 


It has a good heating value. The Btu content on a 
dry basis averaging approximately 10,000 to.11,000. Ap- 
proximate analysis of the coke breeze will: vary, as fol- 
lows: 


Percent Percent 
60 75 


Pied: CAPDOR: Src cis c%ae Ca cawese es 

Volatile. ocitec dvs saa inesncesaons 5 8 
PO cca ares cepa aane sense Saget 15 22 
DEC cn cde ks Ree Aes sew eews 4 20 


In many plants the coke breeze accumulation is 
thrown away. In others it is hand fired in connection 
with coal. The objections to this method of disposal are 
the labor involved, low efficiency secured and the tnability 
to obtain high boiler ratings. In some plants coke breeze 
is burned on specially designed stokers of the chain grate 
type. Some objections to this method of disposal are 
the inability to burn either coal or coke breeze as desired, 
and high rating and flexible operation are, in general, not 
obtainable. 


In many plants the accumulation of coke breeze, even 
if burned alone with fair efficiency is not sufficient to 
equal the power demands, and coal fired boilers must be 
used. In such installations there is a demand for a stoker 
which will burn varying mixtures of coke breeze and 
coal and which will have, the ability not only to give good 
ratings and good efficiencies with such mixtures, but will 
also be capable of securing extremely high ratings with 
proper efficiencies when burning all coal. The stoker 
should also be so constructed that it will quickly adapt 
itself to either pure coal or coke breeze mixtures without 
any change in the mechanism. 


The perfect: stoker, of course, would be one that 
could secure high ratings and high efficiencies out of 
pure coke breeze, coke breeze and coal mixtures or all 
coal. It is doubtful if such equipment can be designed 
as the requirements for burning pure coke breeze are 
altogether different from those necessary for burning 
coal. 

The main requirements for burning coke breeze and 
coal mixtures are, as follows: 


First—The mixing mechanism must be simple in order to 
accommodate conditions in existing plants. 

Second—Coke breeze mixtures must be held together so that 
the particles of coke may “freeze,” thus permitting the air pres- 
sure to facilitate combustion. Holes in the fire and slippage of 
the fuel bed must be avoided. 


Third—The fuel bed should be kept-fairly thin as otherwise 
heavy clinkers will develop, necessitating high air pressure. 
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RESULTS OF BOILER TRIAL. 


The following shows the results of a boiler trial made at 
the Michigan Limestone and Chemical Company, Rogers City, 
Mich., December 4, 1919. The object of the test was to 
determine data on burning a mixture of one part coal and 
three arti coke breeze, 100 pounds coal to 325 pounds coke 
was used: 


paeorvrseseevnweeereveeevreere eee eereeveeee ase 


e@eeesveneenetrteeosnse ee eee eee oe 


Duration, hours: ..c.6.6¢0 604s jas chi weeends ca eeees 
Steam pressure, Ibs. guage ...............ecceeee: 
Temperature of feed water, degrees F............. 
Temperature of escaping gases, degrees F......... 
Pressure in air chamber, inches................... 2.8 
Draft in furmace, inches.................0.0-0000: 15 
Draft between damper and boiler, inches.......... 


ae 
if! Flue Gas Analysis. 


Carbon dioxide (COs) per cent.................0. 12, 
Oxygen (O) per cent...... cc. ccc cee cece ees eecens 7. 
Carbon monoxide (CO) per cent..............06. 
Weight coal as fired, Ibs.............. cece cece 


Weight coke breeze fired, Ibs.............. cence 14,785 


Total weight as fired, Ibs....................00 005 19,335 
Total weight water fed to boiler, Ibs............... 106,068 
Factor of evaporation ......... cece cece cece e eens 1.079 
Total equivalent evaporation F. & A., 212° F, Ibs...114;487 


Analysis of Mixture as Fired. 


Fixed carbon, per cent ............cc cece cencaaee 59.06 
Volatile matter, per cent.............. 0c. cece cee 10.67 
ASH: “POG (CONC ok wie cn beau oe ee eer cious ues 15.36 
Moisture, per cent .......... ccc cee cece cece ee eees 14.91 
Sulphur (Sep. Det.), per cent............... peas: 1.01 
Btu per 1D: dry ce os cc ts ok elo e nate need tus ghacnaue 11,413 
Btu per Ib. as fired, per cent............c00ceeeeee 9,709 .- 
* 


Analysis as Fired. 


Coal Coke 
Fixed Carbon aiih. tei sege tsetse deede tee 55.80 60.06 
Volatile mattéf cis oso hein deta iss eeuess 29.25 4.95 
GH pit oes ee ee ra aeons 8.45 17.49 
Moisture sxc sdk bodes osedee bs cbeAdadas 6.50 17.50 
100.00 100.00 
Sulphur: 22vec) cecdn aces aes ee eet 1.59 0.83 
Bias “Se iets se actuan uale Rete eats: 12,856 8,741 
Summary. 

Coal burned per hour as fired, Ibs............. 2,417.0 
Coal burned per hour per retort, Ibs............... 806 
Water evaporated from and at 212° per hour, Ibs.. 14,310.9 
Boiler horsepower developed cvetage) B.H.P..... 414.7 
Per cent of rated capacity developed.............. 141.1 
Water evaporated actual per Ib. coal as fired, Ibs.. 5.49 
Water evaporated from and at 212° F. per Ib. of 

coal as fired, Ibs............ 0... ccc eee e eee 5.92 
Water evaporated from and at 212° F. per lb. of 

COdl Gry, 10S Scien au eaue tude ee de eee 6.96 
Water evaporated from and at 212° F. per Ib. of 

coal, combustible ............ Wh stated aa tuse tats 8.49 
Efficiency of boiler, furnaces and grate, per cent... 59.1 
Ratio of coke to total fuel—as fired.............. 76.5 
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RESULTS OF BOILER TRIAL. 


The following shows the results of a boiler trial made at 
the Michigan Limestone and Chemical Company, Rogers City, 
Mich., December 4, 1919. The object of the test was to 
determine data on burning 2 mixture of one. part coal- and 
two parts coke breeze, 100 pounds of coal to 225: pounds of 
coke was used: ; 


BOUCl atta lccinereakesee atts aieead Stirling 
Rated: FP esc oinhcies ad aeaiaean duces 294 
StOKGlS. ocde circa uvcidentet ives atracak Type A.C 
NO: OF TOtOPtS 6.6656 ieee hich a had 3 
Conditions. 
Duration;: Hours: 25 esses cei sis wee sieer ces ceeeind: 8.0 
Steam pressure, Ibs. gauge «......0......eecceeeeee 142.6 
Temperature of feed water, degrees F............. 168.8 
Temperature of escaping gases, degrees F.......... 608 
Pressure in air chamber, incheés..:................ 2.7 
Draft in furnace, inches..............ccccceeeeess 14 
Draft between damper and boiler, inches.......... 28 
Flue Gas Analysis. 
Carbon dioxide (CO2) per cent................005 12.2 
Oxygen (O) per cent ......... ccc cece cee cece 7.6 
Carbon monoxide (CQO) per cent ................ 0 
Coal weight as fired, Ibs.................00.0 0000s 5,800 
Coke weight as fired, Ibs...........0..ccceeecceees 13,050 
Coal. 
Total weight as fired, Ibs................000000eees 18,850 
Total weight water fed to boiler, Ibs............... 115,889 
Factor of evaporation .............c ccc cece eceee 1.090 
Total equivalent F. & S. 212° F., Ibs.............. 126,319 
Analysis of Mixture as Fired. 
Fixed carbon, per cent............cccecceceeceece 56.98 
Volatile matter, per cent ............. cece ewes 13.62 
JASN DOO CONE wee ole Karcgw ee dain Ba Wiad a eee ia eo metns 13.82 
Moisture, per cent ............ ccc cece cece eves 15.58 
Sulphur (Sep. Det.) per cent..............0c0 cee *1.04 
Btu 06r be diy iiieew plea Oe oa gee aoe eta he 11,738 
Btw per Ibias fired scicaicesionc vie eens isa 9,909 
* Analysis as Fired. 
Coal Coke 
Fixed carbon ............ ccc cee cee cece eee 53.15 58.68 
Volatile Matter: ehiceceaas eee eeawoseeseads 33.39 4.84 
ASH Cites tee dean white nee ot Siasaon istered wows 6.46 17.08 
MOIStUPe Gircietsudd fiesn estiaeuaeeerawanss 7.00 19.40 
100.00 100.00 
Sulphur, sicuside seesaw ek ee Bele aes 1.56 0.81. 
Btu as fired 0.0.02... 0... ccc ccc ccc neces 12,968 8549 
Summary. 
Coal burned’ per hour as fired, Ibs..............05. 2,356 
Coal burned per hour per retort, Ibs.........: eiaee: 785 | 
Water evaporated from and at 212° per hour, Ibs.. 15,789.9 
Boiler horsepower developed (average) B.H.P..... 457.1 
Per cent of rated capacity developed, per cent..... 155.5 
Water evaporated actual per Ib. coal as fired, Ibs.. 6.15 
Water evaporated from and at 212° F. per Ib. of 
 ) COR AS NEED: oes bocce bois cas goths auateea ea xaw 6.70 
Water evaporated from and at 212° F. per Ib. of 
COaLCEY aioe saicas odes eases eee eee 7.94 
Water evaporated from and at 212° F. per lb of 
COMBUSHIDIE. s:6 5 Ss ose Fehon ss ces 9.49 
Efficiency of boiler, furnaces and grate, per cent... 65.6 
Ratio. of coke to total fuel aS HECU sox waeaua eased 69.2 
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—-- h—Li ir pressure -is_ --as .otherwise.the -_ 
fine particles of breeze are blown up into the baffling of the 
boiler or down onto the dump plate and holes in the fire develop. 


_Fifth—The slope of the fuel bed should be slight as other- 
wise. the coke breeze will accumulate thickly at the rear of the 
furnace, necessitating a great. amount of burning on the dump_ 
plate, causing large clinker formation. © ts 

Sixth—Due to the abrasive nature of the coke breeze moving 
parts are not desirable. Also the stoker construction should be. 
such as to avoid an excessive amount of siftings dropping 
through into the air chamber. 

Seventh—As coal and coke pockets may form in the hopper, 
causing an uneven fire in the furnace, flexible control of retorts, 
permitting variable speeds of the ram are desirable. : 

Below are given results of tests made at the Michigan 
Limestone & Chemical Co., Rogers City, Mich. The 


stokers used were the Jones A-C multiple retort type. A 
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Fig. 2—Longitudinal section Jones A-C stoker burning 


mixture of 225 pounds of coke breeze to 100 pounds of 
coal was burned with an efficiency of 65.6 per cent at 
155.5 per cent rating. Also with a mixture of 325 
pounds coke breeze to 100 pounds coal, 141.1 per cent 
rating was developed with 59.1 per cent. efficiency. The 
accompanying illustration shows the fuel bed, ar- 
rangement of stoker, etc. San j ; 

These tests were witnessed by engineers prominent in 
the steel industry, who were favordbly impressed with 
the results secured. 

The coke and coal were weighed separately and mixed 
with shovels, then féd into the hoppers. The coke breeze 
ran from dust to 3% inch. The stoker had been in opera- 
tion under the boiler for approximately three years and 
no changes were made in any way to facilitate the burn- 
ing of the mixture. The boiler had been on the line for 
five weeks at the time the tests were made and operated 
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24 hours-a day,-seven-days-a-week;-with -variable loads, 
ranging from 150 to 250 per cent of rating. 
sa, a summer of 1919, tests were also made by 
otor Company to determine the feasibility of 
burning various mixtures of coke breeze and coal. The 
Semet-Solvay coke breeze burned was from the new Ford 
steel plant and ranged in size from ‘dust to % inch. A 
mixture of two parts coke breeze to one part coal was 
first used, and the mixture was then changed to three 
parts coke breeze to one part coal, and as a result of these 
tests, Mr. Charles Koehler, chief engineer, Ford Hospital, 
Detroit, Mich., is now burning a mixture of two parts 
coke breeze and one part coal very successfully and at 2 
considerable financial saving. The coke breeze is stored 
in a bin separate from the coal and the charge is mixed 
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mixture of three parts coke breeze and one part coal. 


by dropping alternate charges of coke breeze and coal 
into a traveling bin. The mixture then descends through 
a short chute into the hopper of the stoker. 

It is the intention of the Ford Motor Company to 
burn coke breeze mixtures at their new River. Rouge, 
Detroit, steel plant, under four boilers now being 
equipped with these stokers. 

‘The tests made at the Michigan Limestone & Chemical 
Co., and also at the Ford hospital, were conducted on 
stokers having an inside furnace length of 8 feet 7 inches. 
No extra air openings were made in the tuyere blocks. 
Much better results could, no doubt, be secured on a 
longer stoker having an inside furnace length of 10 feet 
4 inches. Also by making more openings in the tuyere 
blocks a greater volume of air could be introduced at a 
lower pressure, which would tend to materially increase 
efficiencies and ratings. 
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Industrial Demand for Oil as a Fuel 


The First Three Months of 1920 Have Established a Rate of 
Domestic Production That if Unchecked Will Reach a Total 
of Four Hundred and Fifteen Million Barrels. 


By GEORGE OTIS SMITH, 
Director United States Geological Survey. 


fully be called the petroleum decade. The growth of 

the automotive industry, spectacular as it has been, 
was made possible only by the ever-increasing supply of 
gasoline. In the terrible four years of war every new 
machine of destruction on land and sea, in the heavens 
above and the depths below, depended on American oil 
wells for motive power ; and the peace demand for petro- 
leum products has already overtopped the war peak. 

In these 10 years the natural inclination of mankind 
to trust to the largness of nature has found abundant in- 
centive. In the summer of 1910, the Lakeview gusher in 
California, excited popular interest with its flow of 40,000 
barrels a day, but just before the close of the same year 
this record was surpassed by that of a well in Mexico, 
the Potrero del Llano, No. 4, with a maximum flow of 
about 160,000 barrels a day, yet even this outburst of oil 
was exceeded five years later by another Mexican well, 
the Cerro Azul No. 4, whose measured flow was more 
than 260,000 barrels in 24 hours. These individual per- 
formances, together with the strikes at Cushing and 
Healdton, Okla., and the later oil booms in North Texas 
ami Louisiana, all have increased the popular faith in 
the inexhaustible supplies of petroleum. 

Ten years ago the wells of the United States were 
adding to our reserve stocks 15,000,000 barrels in the 
year ; now the current is in the other direction, for in the 
last nine months our stored petroleum has been drawn 
upon to the extent of 15,000,000 barrels. In 1910 our im- 
ports of oil were an insignificant item, but in 1919 we 
were obliged to import nearly 47,000,000 barrels of crude 
oil more than we exported. Ten years ago Mexico was 
our customer for crude oil as well as for refinery prod- 
ucts, but now we realize too keenly our dependence upon 
the Mexican wells; without the 6,500,000 barrels im- 
ported from Mexico in March our present situation 
would be indeed critical. — 

In terms of oil, then, the decade 1910-1919 is best 
described as a transition from over-supply to over- 
demand. And figures already available indicate that 
in both production and consumption the present year 
promises -a record that will further emphasize this 
discordance between supply and demand. The first 
three month of 1920 have established a rate of do- 
mestic production that if unchecked will mean a total 
for the year of 415,000,000 barrels, or nearly twice the 
output of 1910, and a rate of consumption that would 
make the year’s requirements more than 490,000,000 
barrels, or one-seventh more than last year’s con- 
sumption. 3 

A few months ago I tried to visualize the torrent 
of oil consumed by the country in 1918 by pouring the 
413,000,000 barrels over Niagara Falls, and I found 
that the oil supply of that year equalled the flow of 
waters from the Great Lakes, with their vast drainage 


|: the chronology of industry the last 10 years might 


Paper read before seventeenth general meeting of the 
American Iron and Steel Institute. 
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basin, for three hours and four minutes; but already 
there is promise that the consumption of oil in the | 
United States the present year must be likened to the 
flow of Niagara for three hours and 40 minutes. The 
vision of such a river of petroleum prompts the ques- 
tion, “What are we doing with our oil?” ee 

Facts of consumption are not easily determined. 
Where our oil comes from is a matter set forth each 
month in our Geological Survey reports; where it 
goes is largely a matter of conjecture. We all know 
in a general way the different kinds of demand. Fore- 


_most among these is the ever-increasing thirst for 


gasoline by the automotive engine, whose name is 
legion; next is the larger use of fuel oil for steam 
making; then the universal need of all industry for 
lubricants; and finally, the many other uses for pe- 
troleum products, not less important, perhaps, though 
involving less volume, unless we except the accumu- 
lated demand for asphaltic oils for road construction. 
Industry’s need of oil has become large, and in several 
items the demand for more oil is now insistent. The 
next question is one of the relative worth of these in- 
If every demand for oil cannot be 
met, which use is to be given priority? | 

The first official note of warning that demand was 


overtaking supply was sounded a dozen years ago, 


but only within the last few months has that note 
swollen into a chorus, and the reason for this chorus 
of alarm is evident. Rising prices have led to the re- 
discovery of the law of supply and demand, which 
was supposed to have been repealed during the war; 
a consumption curve that rises faster than a produc- 
tion curve is the graphic signal of danger ahead; the 
heavy draft now being made upon our accumulated 
stores of oil—more than 10 per cent gone in 9 months 
—tells the story that we are living beyond our means; 
and it all leads us to ask ourselves, in this day of ap- 
parent plenty, “Where will our children get the oil 
they need?” : 

The response that the petroleum industry has 
made to the pull of demand during the last few 
months may be taken by optimists as a measure of 
what we.can expect in the future. An intensive drill- 
ing campaign has been the practical response to high 
prices for crude oil, just as the orgy of newspaper ad- 
vertising of questionable oil stocks is the reflection of 
popular interest in the petroleum situation, but even 
the most wisely directed drilling can give only tem- . 
porary relief; energetic pushing upward of the pro- 
duction curve only hastens the coming of the year 
when that curve must turn downward. How soon we 
may expect the peak of domestic production becomes 
a very practical question, inasmuch as no one can see 
any prospect of any let-up in demand. 

The fuel reserves of a nation are no less essential 
to its future industrial welfare than the gold reserves 
are essential to its present financial stability, but once 
lowered these reserves of coal and oil in the ground 
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can never be replenished. “The official estirhate of 
less than 7,000,000,000 barrels of oil as the quantity 
remaining available in the .ground in the United 
States is believed to be liberal, but even if we inflate 
such an estimate 25 per.cent the indicated reserve is 
seen to be far from ample when we contemplate our 
probable consumption this year of nearly half a billion 
barrels of crude oil. The division of ultimate do- 
mestic supply by current demand is all too simple a 
sum in mental arithmetic. SS 


_ An estimate of the petroleum resources of the 
_world has just been published by the chief geologist 
af the United States Geological Survey, David White, 
and his figure of 60,000,000;000 barrels for the whole 
world is doubtless exact erfough to enable us to see 
the oil situation of the United States in fairly true 
perspective. Using within our own borders fully half 
of the world’s annual production of petroleum, we 
seem to possess only about one-seventh of what re- 
mains. This lack of national self-sufficiency in oil re- 
serves may be expressed in another way; contrast the 
international position of the United States in respect 
to oil with its position in respect to coal. In the past 
10 years our 6,000 to 7,000 coal mines have contribut- 
ed 41 per cent of the world’s output of coal. Our 
present estimates credit the United States with more 
than half of the world’s coal reserves, so that if we 
are to think in world terms, the great tonnage of coal 
produced by this country each year represents less 
than our national share. But now consider the pe- 
troleum situation: In these 10 years our 140,000 to 
200,000 oil wells have poured forth more than 61 per 
cent of the world’s output, although we now believe 
that the United States possesses only about 12 per 
cent of the oil left to the world for its future use, so 
that in oil our nation is doing far more than its share. 


When we come to consider substitutes for pe- 
troleum products, the capacity of your own steel in- 
dustry for furnishing benzol and alcohol as by-prod- 
‘ucts deserves first mention. I am informed by Mr. 
Walker, of the Steel Corporation, that plants now in 
operation and under construction have a capacity of 
95.000,000 gallons a year, that is, if the output of light 
oils is converted into motor benzol. Such an annual 
contribution of less than. 2,000,000 barrels, however, 
1s equivalent to not much more than a week’s output 
of gasoline: as the refineries-of the United States are 
-now-running. The recovery of. alcohol from your 
coke ovens has not yet begun, but British experience 
seems to show that the maximum alcohol capacity of 
the coke ovens of the United States might be less 
than their benzol capacity. Apparently, then, the 
benzol and alcohol possibilities of the steel industry 
cannot be regarded as promising enough motor fuel 
even to meet the present increase in demand. Jt must 
be recognized, however, that this country, as the 
world’s greatest consumer of coal, has not fairly be- 
gun by-product recovery. With the higher cost of 
coal and this increased demand for by-products more 
efficient practice must result in the natural course of 
economic events. 


The oil-shale resources of our country must not 
be overlooked nor their national value under-estimat- 
ed as a rear line of economic defense. As their oil 
content is fairly comparable with the petroleum re- 
serves of the world, these shales furnish an effective 
guaranty against the United States going bone-dry as 
to oil, but the oi! won from oil shales will not be 
labor-cheap like the petroleum now flowing from our 


Google 


trol on the use of oil products. 


June,. 1920 


wells. As long as industry is short-handed it cannot 
look for relief from oil shale nor can it expect any re- 
turn to low prices for utilizing this resource, however 
vast its extent; yet these western mountains of oil- 
shale stand as a visible promise that even when our 
underground reservoirs of petroleum are drained the 
United States will not be at the commercial mercy of 
any foreign power—not even if that power has been 
prompt to take advantage of the present opportunity 
to acquire a majority share in the world’s oil re- 
sources. Still, even with the largest measure of op- 
timism, backed up with our oil shales, we must face 
the contingency that the next generation of American 
business men may see their trade rivals across the 
Atlantic turning the wheels of industry and commerce 
with cheaper oil than is available in the American 
markets. Regard for the future, then, forces us to 
p:an how to use less oil at home and how to acquire 
our share of the foreign supply. | 


It is high time for us to begin to weigh the essen- 
‘ial uses of petroleum. Oil was first used as an 1l- 


.luminant, but today, whether in the kerosene lamp on 
,the modern frontier or as gas-oil to enrich the gas of 


the city, this use of a petroleum product is not in- 
creasing on the same scale as the industrial uses. In 
power generation oil takes on much larger economic 
values, whether as gasoline or as fuel oil. The de- 
mand for gasoline seems to obey no law of normal in- 
crease, and the higher cost of coal in recent years has 
greatly stimulated the use of fuel oil under steam 
boilers. Fortunately the rapid increase in the con- 
sumption of fuel oil by locomotives seems to have 
been checked at about the same time that it has found 
a wider use in stationary steam plants. Last year the 
public utility power plants of the United States con- 
sumed 11,000,000 barrels of fuel oil in generating elec- 
tricity, nearly half of it in coal-less California. In the 
East the present oil shortage has doubtless started a 
reaction in the popularity of fuel oil caused by the 
coal shortage in the war years. The more adequate 
and reliable supply of coal must. in the long run, give 
coal the advantage fof use under stationary boilers. 
for despite the labor economy attained through use of 
oil the assurance of an unfailing supply of fuel is of 


"first importance in industry. 


Prices also will eventually exert an automatic con- 
Not only is the in- 
adequate supply stimulating high-cost production ‘as 
well as rewarding low-cost operation with unusual 
profits, but however much we may desire low-priced 
gasoline we can not wave aside the economic facts of 
supply and demand. High prices are here for crude 
oil and for every one of its products, and high prices 
will help to bring about a kind of economic survival. 
The more essential use of oil— that is. the use of oil 


_where it serves the greatest end—will survive, and 


business practice, public opinion, and even, if needed, 
governmental regulation, should work together to en- 
force obedience to this democratic rule of the greatest 
good to the greatest number. Plenty and cheapness 
have led to waste: scarcity and dearness ought to pro- 
mote thrift. It is a problem for the nation as well as 
for vour individual plant to get larger values out of 
the higher-cost coal and oil. 


In any weighing of the uses of petroleum, certain 
changes in practice appear inevitable. The use of 
gasoline to serve our pleasure cannot go on unchecked 
—the joy ride is not the kind of “pursuit of happiness” 
regarded as an “unalienable right” by our Revolu- 
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tionary fathers. The use ‘of fuel oil as a substitute 
for coal must be discouraged, for our Navy and our 
merchant marine need the fluid fuel for reasons that 
do not apply to stationary boilers or even steam loco- 
motives. On terra firma -a power program can be 
woiked out that will hitch up coal mine and water 
fall efficiently, and both industry and transportation 
can be fully electrified to the end that except perhaps 
on the Pacific Coast, not a barrel of oil should be used 
under boilers. The necessity of caution in enlarging 
the field of fuel oil is the more apparent when we 
realize that, as suggested by the Bureau of Mines, 
every increase in demand for other petroleum prod- 
ucts for a higher use entails a loss in the percentage 
of fuel oil produced. 


The requirements of the American Navy and the 
new merchant marine present a priority demand of 
the first order. Admiral Griffin, the chief of the 
bureau of steam engineering of the United States 
Navy, informs nie that the oil-burning vessels ready 
‘for service aggregate more than 6,000,000 hp and that 
other vessels under construction will bring this total 
up to nearly 9,000,000 hp. The Navy now needs 8,- 
000,000 -barrels of fuel oil a year, yet this figure is 
small compared with the requirements of the Shipping 
Board, which are stated by Paul Foley, its director 
of operations, as 40,000,000 barrels for 1920 and 60,- 
000,000 for 1921. If the American Flag is to fly on 
the seven seas the motive power to carry it must be 
assured, and here is one demand for fuel oil which 
alone equals the present output of our refineries for 
about four months. Surely no American with vision 
wishes to contemplate even the possibility of a short- 
age of fuel oil that would endanger the immediate 
availabihty of these battleships, cruisers, and de- 
stroyers or interfere with the successful operation of 
the passenger and freight steamers in the construc- 
tion of which our nation has. invested so many 
‘millions. | “e ® 


In our attention to the generation of power to 
mect the needs of industry and transportation, we 
give too little thought to one unique function of oil— 
_ that of saving power. Machinery without lubrication 
. is unthinkable; adequate lubrication saves energy and 
makes it available for use as well as adds to the life 
of the machine. There is little danger of shortage in 
lubricating oil for our Navy, for the daily refinery 
output, as reported by the Bureau of Mines, is almost 
sufficient to supply the Navy for a year with lubricat- 
ing oil, whereas about three weeks’ run would be 
necessary to meet the Navy’s annual needs in fuel oil. 
Yet, on second thought. we realize how universal 1s 
the use of lubricating oil, in the home as well as in 
the largest steel plant, in the motorcycle and loco- 
motive, in the electric fan and the power station— 
everywhere oil is needed in the bearings. a single drop 
or many gallons. And in looking to industry’s future 
needs of this petroleum product large plans should be 
made, for our use of power and machinery is increas- 
‘ ing faster than is generally appreciated. The statistics 
of electric power generation collected monthly bv the 
Geological Survey show that the war-peak was ex- 
ceeded last year, and already the opening months of 
1920 are ahead of the corresponding months of 1919 
by 14 per cent: and an increase on this scale means 
not only larger fuel consumption but a larger require- 
ment of lubricating oil. Even more significant in its 
suggestion of future needs is a recent order for 1,000.- 
000 small motors for household use. The introduc- 
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tion of labor-saving machines at this rate will make 
lubricating oil a necessity in every home. 


This need for oil to insure our industrial life in- 
spires the call for pioneering on other continents by 
American oil companies. In the world estimates we 
credit South America with a third mcre oil reserves 
than the United States, so that one guidepost for the 
explorer and developer plainly points to the south. 
To the-steel industry, this American hunt for oil, not 
only. in the Western Hemisphere but in the Far East, 
has special significance. Wherever an oil field is de- 
veloped by American capital not only will its product 
be available either for our home refineries or for the 
more distant, American. bunker stations at the world’s 
cross-roads, but all the supplies needed to develop 
and operate this foreign oil field will come from the 
United States. An-“International Oil” operating in 
South America means another market for the product 
of a “National Tube” operating in Pennsylvania. 


To you leaders in a great industry is given the 
privilege of planning for the future on a large scale. 
Perhaps we Americans, as possessors of a continent- 
wide country with unparalleled wealth of resources, 
have thought more of exports than of imports—more 
of markets for our products than of raw materials for 
our industry. Yet commerce means exchange of com- 
modities, and for the future supply of some things 
that we need we must look bevond our own shores. 
And our industrial program for the future is well 
worth safeguarding, for upon it depends our national 
welfare. 


That industry is not an end unto itself was well 
illustrated by a photograph in this spring’s Pittsburgh 
exhibition. The picture had the simple title, “The 
Day’s Work.” In the foreground was a family wash, 
hung out on the fence; beyond loomed the high stack 
of a blast furnace. This commonplace scene well 
portrays the two types of industry—the one, that of 
the humble home-maker; the other, that of progres- 
sive big business—and in our planning for industrial 
development our cue should be to keep the American 
home ever in the foreground. It is this kind of vision, 
this regard for the future, that arouses us to activity 
in protecting America’s supply of every essential 
material. 


Editor’s Note—An article of particular interest on 
the subject of fuel oil is to be found in the April issue 
of THe Biast FURNACE AND STEEL PLANT, under the 
subject, “Heating Furnaces and Annealing Furnaces.” 
This article, written by W. Trinks, covers the ad- 
vantages and disadvantages of oil as a fucnace fuel 
thoroughly, by treating of its heat value, its: specine 
gravity and its viscosity. Mention is also .made of 
the various type burners used in inducing the oil in 
the furnaces. The following interesting paregraph 1s 
quoted from Professor Trinks’ article: 


“Fuel oil has many advantages. It can readily be 
stored above or below ground, and in out-of-the-way- 
places. In that respect it not only shares the conven- 
ience of coal as fuel, but goes far ahead of it. Fuel oil 


‘is always ready to serve, just like natural gas or city 


gas. But it is even more ready to serve, because natural 
gas is frequently shut off in cold weather. There are no 
standby losses with oil such as are inevitable with gas 
producers, water gas plants, or any other equipment for 
the generation of an industrial gas.” 
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Fatigue of Metals Under Repeated Stresses 


Importance of Resistance to Repeated Stresses—Fatigue Phe- 

nomena—Testing Machines—The S-N Curve—Treatments Affect- 

ing Fatigue Strength—Localized Stress and Its Importance. 
By H. F. MOORE* and J. B. KOMMERS.} 


HE STRENGTH of materials is commonly de- 

termined by tests under a load gradually in- 

creasing from zero to the ultimate of the test 
specimen. In nearly all computations of stress and 
strain. the basis of the computation. is the action pro- 
duced by a steady load applied but once. For. more 
than half a century it has been recognized that under 
loads repeated many thousands of times the behavior 
of material might be quite different from the behavior 
under a single application of load. The growing use 
of high-speed machinery has been especially influen- 
tial in necessitating the consideration of the strength 
of material under repeated stress. 


‘In a general way the difference in the behavior of 
material under repeated loads and under a single load 
(or a load applied but a few times) is shown by the 
tendency toward gradual breakdown of the material 
under repeated load. Under a single application of 
load the material of a structure either withstands the 
load or it fails; under load repeated many thousands 
of times the material may withstand the load for 
awhile, and then fail by the gradual spread of cracks 
or other local injuries to the material. Under repeat- 
ed load strains which would be of no importance if 
but one loading were to be applied may form a nucleus 
for damage which gradually spreads until the whole 
member fails. 

The failure of machine parts under repeated stress 


Paper read before seventeenth general meeting of the 
American Iron and Steel Institute. 

*In charge, Joint Investigation of Fatigue of Metals. 
- i of Tests, Joint Investigation of Fatigue of 
Metals. 
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has come to be commonly spoken of as: due to “fa- 
tigue” of the material. The cause of such failure used 
to be-thought to be the “crystallization” of the metal, 
but, as will be noted later, the phenomenon is one of 
a breaking up of crystals rather than of their forma- 
tion. The development of the internal combustion 
engine, the steam turbine, the automobile, and the 
airplane have made this problem of fatigue of mate- 
tials of increasingly marked moment during recent 
years. The accompanying table gives some idea of 
the number of repetitions of stress in the normal 
“lifetime” of various structural and machine members: 


Approximate number of 
repetitions of stress in 
the “lifetime” of the 
structure or machine 


Part of structure of machine 


Railroad bridge, chord members ............. | 2,000,000 
Elevated railroad structure, floor beams ... 40,000,000 
Railroad rail, locomotive wheel loads ....... 500,000 
Railroad rail, car wheel loads ..............- 15,000,000 
Airplane engine crankshaft .................. 18,000,000 
Car axles: 5 cccees CcaRAE oR Se sae meee cee -  §0,000,000 
Automobile engine crankshaft ..............: 120,000,000 
Line-shafting in, SHOPS) 6.<.0 s6ics:seac etic cesiecees 360,000,000 
Steam engine, piston rods, connecting rods 

atid. CPankenants: Sscicdiasceassceossicws ss 1,000,000,000 
Steam-turbine shafts, bending stresses ...... _15,000,000,000 
Steam-tdrpine DIAdes sci ddscccsasdascdaesce4 250,000,000,000 


Fatigue Phenomena. 


The first study of fatigue phenomena on a large 

scale was made in Germany by Wohler, who pub- 
lished his results in 1870. These results may be sum- 
paarizes as follows: 
1: Repeated application of stress to a structural member 
will finally cause failure not only when the unit stress is 
less than the static ultimate strength of the material, but 
even when it is less than the static elastic limit as ordinarily 
determined. 


2. Within certain limits the range of stress (difference 
between maximum and minimum stress) rather than the 
maximum unit stress, determines the number of cycles be- 
fore rupture. . 


3. As the maximum unit stress is increased, the range 
must be decreased in order not to shorten the life of the 
member. oP cars 


4. For the same life in the case of complete reversal of 
a unit stress, the stress should be only one-half or two- 
thirds of the maximum stress if the variation is from zero 
to a maximum. 


A fatigue failure is characterized by the complete 
absence of elongation or reduction of area at the 
break. The fracture is sudden and is similar to that 
which is ordinarily expected only from brittle mate- 
rials. A rotating beam will crack at right angles to 
the length of the beam, which is also at right angles 
to the direction of stress. 


Metals, while being subjected to fatigue, have 
been observed under the microscope, and it has been 
found that the crystals of which a metal is composed 
will allow deformation to occur by movement along 
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certain gliding planes within the crystal. This glid- 
ing or slipping is indicated bv the appearance of lines 
running across the crystals, as shown in Fig. 1. These 
lines are ‘called “slip lines,” or “slip bands.” Careful 
examination of cross-sections cut at right angles to 
the surfaces on which the slip lines occur has shown 
that the slipping causes microscopic ridges, and de- 
pressions of the surface, in the nature of steps. Verti- 
cal illumination of such a-surface:shows the steps as 
bright surfaces, and the inclined surfaces between the 
steps as dark lines or bands. -As the test of the ma- 
terial in fatigue is continued the: -slip lines become 
more numerous, and also broaden. | Finally some of 
these bands develop into a crack which spreads to 
other crystals and thus causes failure. It has been 
found that the crystals which first develop slip lines 
are not necessarily the ones .in which final failure 
occurs. sage dd once ee , mee 
In general, fatigue failure follows a path through 
the crystal grains themselves rather than along their 
boundaries, and this is true even though in going 
from one crystal to another the plane of failure must 
change its direction, because of the different orienta- 
tion of the crystals. 

It appears, therefore, that the primary cause of 
fatigue failure is localized deformation. This deforma- 
tion in any particular crystal is very small in amount 
and apparently even very accurate and sensitive ex- 
tensometers cannot detect the deterioration which is 
going on. 

Because steel is made up of many minute crvstals, 
the structure is not likely to be homogeneous. Furth- 
e~more, there are likely to be many microscopic flaws 
‘h-onghout the material. Somewhere, due either to 
non-homogeneity or to flaws. there will be high local 
‘resses, and at such places the material will he most 
likely to deteriorate by the repeated action of fatigue 
stresses. The presence of interna! stresses, due to 
previous heat-treatment or mechanical treatment, 
would also tend to weaken the material when fatigue 
stresses of a similar kind are applied later. 


Tests conducted with apparatus of extreme sensi- 
tiveness have shown that the action of materials with- 
in the ordinary elastic limit is not perfectly elastic. 
For instance, when a specimen is first loaded in ten- 
sion. and then the load is reduced to zero, the return 
path of the stress-deformation curve does not coin- 
cide with the original path. but lies slightly lower, 
the deformation seeming to lag behind the stress, so 
that when the stress is zero the deformation of the 
specimen is not yet back at zero. If now the speci- 
men is loaded in compression. and the load reduced 
to zero. it is found that a loon has been formed by the 
stress-deformation curve. This loop is called a me- 
chanical hysteresis loop, from analogy with magnetic 
hysteresis. 

The area of this loop represents energy which has 
been absorbed by the specimen, but which has not 
been given back again. In each cycle of stress, there- 
fore, there is a small amount of work done because of 
the inelastic action of the material. 

In careful torsion testst Guest and Lea obtained 
hysteresis loops for mild steel at unit stresses which 
were very much below what .would ordinarily be 
called the elastic limit. Such results constitute a 
further explanation of the possibility of failure of a 
material when stressed within what has heretofore 
been looked upon as the elastic limit. This so-called 
elastic limit may be regarded as of value when dis- 
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cussing. static strésses, but.it seems evident that it is 


not an elastic limit for reversed stresses, because the 


hysteresis loops indicate inelastic action. 


Eairstow*. has shown that when cyclical stress 
sufficiently below the elastic limit is applied to a 
specimen there is 10“hysteresis loop formed at first, 
the amount of damage-done during each cycle of 
stress being apparently too small to be indicated even 
by a very delicate ‘extensometer. However, after 
quite a few thousands of repetitions of stress the 
cumulative effect of the repetitions is evidently of 
such a nature as’.to make measurable the changes 
which occur in, the specimen, and a hysteresis loop 
appears. a : 
Testing Machines." © 

In determining the resistance of metals to fatigue, 
Wohler used machines which subjected the specimens 
to direct tension and compression, to repeated bend- 


Fig. 1b. 


ing on a stationary beam, tq reversed bending on a 
rotating cantilever beam, to repeated torsion, and to 
reversed torsion. In the direct stress, repeated bend- 
ing, and in the torsion tests Wohler used machines in 
which calibrated springs were employed to measure 
the load applied to the specimen. This general type 
of machine is quite common and is illustrated in Fig. 
2. The rotating beam type, either cantilever or simple 
beam, has probably been more extensively used than 
any other machine. This type is illustrated in Fig. 3. 

Wohler’s machines applied the stresses at rates 
less than 100 per minute so that many weeks of test- 
ing were required to stress a specimen as many as 
‘),000,000 times. In later types of machines attempts 
have been made to increase the speed of the machines, 
and speeds up to 2,000 revolutions per minute have 
been used successfully. .A machine of this kind run- 
ning 24 hours per day will give results fairly rapidly. 

Various other types of testing machines have been 
employed by experimenters. In some the stress is 
produced in the specimen by the acceleration effects 
of reciprocating masses, in others the pull is appliéd 
by an electro magnet, and in still others the reversed 
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tProc. Royal Society. 1916-17. Vol. 93. = 
*Phil. Trans. Royal Society. 1910. Vol. A. 210, p. 35. 
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bending which is produced occurs in only one plane. 

Machines for producing reversed bending on a 
cantilever beam have been used by Arnold and others. 
These machines stress the materials beyond their 
yield points so as to produce failure after only a few 
hundreds or thousands of cycles of stress. In such a 
test the stress to which a specimen is subjected is not 
known, and it is therefore difficult to interpret the re- 
sults of the test. Thus far it has not been shown 
what relation exists between this short-time test and 
the test which stresses materials only within their 
elastic limits. , 

In the ordinary fatigue test the machine is set to 
produce a certain stress in the specimen, and the test 
is continued until failure occurs; the number of cycles 
of. stress before failure being recorded by a suitable 
- counter. 


' The S-N Curve. 

When specimens of a given steel are subjected to 
a series of stresses the results may be conveniently 
plotted as a curve. having the unit stress, S, as ordi- 
nates, and the number of cycles for rupture, N, as 
abscissae. This curve may be plotted as shown in 
Fig. 4a, or by plotting the logarithms of S and N 


Coli brated Springs 
to Measure Load. - | 


driving Belt 


Fig. 2—Testing machine for fatigue tests, 
using calibrated springs to measure load. 


curves: such as shown in Fig. 4b are obtained. 
-Basquint has pointed out that these logarithmic 
_ curves are very well represented by a straight line, at 
least up to about 1,000,000 cycles. 

In discussions of fatigue tests. the term “endurance 
limit” has been employed. By this is meant the unit 
stress at which the S-N curves as in Fig. 4a seem 
to become horizontal, and therefore, presumably, the 
unit stress which the material could endure indefinite- 
ly. It has often been assumed that the unit stress 
corresponding to 1,000,000 cycles is too high to be 
considered as an endurance limit, and that failures 
may be obtained at lower stresses if the tests are 
continued a Sufficient length: of time. This matter is 
related to another doubtful point in connection with 
the curves of Fig. 4b. The doubt arises because 
it is not known whether the logarithmic curves con- 
tinue as straight lines for large value of N. It is of 
the greatest importance to know the nature of the S-N 
curve for large value of N, and this would probably 
be determined with-sufficient exactness if tests were 
continued up to 100,000,000 cycles. If there is an en- 
durance limit such tests will probably determine it 
with a sufficient degree of accuracy. 


+Proc. Amer. Soc. for Test. Mat. 1915. Vol. 15, part 11, 
p. 938. 
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It is evident from Fig. 4b that any formula for 
fatigue stress which is based on the assumption that 
the S-N curve is a straight line on logarithmic paper 


will give results on the side of safety, because for in- 
creasing values of N the corresponding values of S 
become smaller and smaller. In the present state of 
knowledge regarding fatigue, such formulas as pro- 


posed by Moore and Seelyf, and the factors of safety 


proposed by Kommers* in connection with J. B. 
Johnson’s repeated stress formula, may be considered 
as satisfactory for use in design, for in both cases the 
assumption is made that the S-N curve is a straight 
line on logarithmic paper. 

It should be noted that the use of an “endurance 
limit” assumes that this stress may. be applied an in- 
definite number of times without causing rupture of 
the material. The relation expressed in Fig. 4b. 
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Fig. 3>—Photograph of machine used in present joint investi- 
gation of fatigue of metals. 


called the exponential hypothesis, assumes that any 
stress, however small, if applied often enough, will 
tinally cause failure. : 


tProc. Amer. Soc. for Test. Mat. 1915. Vol. 15, part 11, 
p. 938. 
*Kngineering News-Record. Nov. 27, Dec. 4, 1919. 
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Criteria for Fatigue Strength. 

Attempts have been made to show that a relation 
exists between the endurance limit and the elastic 
limit as determined from a static tensile test. These 
attempts have not been satisfactory, and this is to be 
expected, since the endurance limit which was used 
was itself indefinite. Furthermore, the elastic limit 
is also an indefinite quantity, and depends to a con- 
siderable extent upon the sensitiveness and accuracy 
of the instruments employed in determining it and 
upon the accuracy used in plotting the results. It 
has been shown that a material having a higher elastic 
limit than another one is not necessarily better in 
withstanding repeated stresses. It has also been 
shown that logarithmic S-N curves for two such ma- 
terials sometimes cross each other, so that the ma- 
terial which is apparently the better one for high 
stresses and low values of N is the poorer one for low 
stresses and high values of N. Data for low stresses 
and higher values of N are the ones that are of great- 
est importance to the designer of structures. The 
whole question of the relation of fatigue results and 
results from static tests can be more satisfactorily 
discussed when information is available for tests up 
to 100,000,000 cycles. 

Bauschinger, in his fatigue experiments, showed 
another reason why the ordinary elastic limit is mis- 
leading as a criterion of fatigue strength. He found 
that the elastic limits in tension and compression as 
ordinarily determined depend very largely upon the 
stresses to which the material has been subjected in 
fabrication. He called the elastic limits so determined 
the primitive elastic limits. He showed that when a 
specimen is subjected to equal alternating stresses of 
tension and compression which are gradually in- 
creased, that there are set up two new elastic limits, 
which are equal, and which may be widely different 
from the “primitive” elastic limits. He called these 
new elastic limits the “natural” elastic limits, and the 
range between them the “natural” range. He showed 
further that if the elastic limit in tension is now 
raised, the elastic limit in compression will be de- 
creased by a definite but not necessarily the same 
amount. He found that a specimen stressed within 
this “natural” range will withstand several millions 
of repetitions: of stress without failure, and he pro- 
posed this “natural” range as a criterion of fatigue 
strength. 


The comparison of fatigue properties by means of 
a short-time test in which stresses beyond the yield 
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Number of Repetitions of Strese(N) Necessary to Cause Failure. 

Fig. 4—Diagram of results of fatigue tests (S-N diagrams) 
a—diagram with ordinary codrdinates. 
b—diagram with logarithmic codrdinates. 


point are employed, has already been mentioned. 
The proposal has been made to compare the fa- 


“¢Journ. Iron and Steel Inst. 1910. Vol. 82, p. 296. 
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tigue properties by means of the number of cycles of 
stress that is withstood for a constant standard stress. 
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Also it has been proposed to determine the fatigue 


strength by determining the stress which causes. 


failure for a standard value of N. These methods 
would determine only one point on the S-N curve, and 
since these curves sometimes cross each other the in- 
formation would not be reliable unless tests were car- 
ried out to a very large value of N. 

To compare fatigue properties by determining the 
S-N curves up to N equals 1,000,000 cycles, is likely 
to be misleading for the same reason as mentioned 
in the preceding paragraph. 

Prof. J. H. Smitht has proposed a method of de- 


termining the fatigue range by determining the first 


yield of the specimen under cycical stress by means 
of a very sensitive extensometer. Long-time fatigue 
tests are lacking to prove that this elastic range is the 


range which the material could withstand indefinitely. 


W. J. Francke, of New Brunswick, N. J., has re- 
cently developed a very delicate flexure testing mia- 


chine which gives some promise of detecting the - 


failure of material over very small areas, and hence, 
may possibly give some information as to the fatigue- 
resisting properties of the material being tested. | 
C. E. Stromeyert has also suggested a short-time 
test for determining fatigue strength. He subjected 
the material to alternating torsion and determined the 
unit stress at which perceptible heating of the speci- 
men occurred. Here, again, long-time fatigue tests 
are lacking to prove that the method is reliable. 
Other short-time tests which have been proposed 
are dying out of vibrations in a “tunning fork” speci- 


men, tests of magnetic permeability detection of the 


appearance of slip lines, and impact tests. 

There is at present no short-time test which has 
been proved to be a reliable criterion of fatigue 
strength. If such a test could be developed it would 
of course be of the greatest commercial importance. 
Treatments Affecting Fatigue Strength. 


The effect of various heat-treatments on fatigue 


strength has not been studied systematically, although: 


it 1s known that such treatments have an important 
influence. Overheating, which tends to make mate- 


rial brittle, seems always greatly to decrease the fa-’ 
tigue strength. Such overheated material may oftei: 
be restored by proper reheating. Annealing, in gen- 


eral seems to reduce the fatigue strength somewhat. 
The results on overstrained material are somewhat 
contradictory, some tests seeming to indicate~in- 
creased fatigue strength, and others that tensile over- 
strain decreases fatigue strength while compressive 


overstrain increases the strength. The sorbitic struc- 


ture in steels seems to be most effective in resisting 
fatigue, while the martensitic structure is weak. Ma- 
terial which has been subjected to repeated stresses 
apparently does not have its life increased by anneal- 
ing or by rest. - 

In normal carbon steels the fatigue strength seems 
to increase with increase of carbon up to about 0.9 
per cent carbon. 


The effect of nickel, chromium, . 
vanadium, etc., upon fatigue properties has not been. 


studied systematically, although apparently these al- 


loys improve the material. 


Localized Stress and Its Importance. . 


- One outstandmg feature of. fatigue: phenomefia in * 
metals is the importance of small localized stresses. : 


_ tProc. Royal Society, 1914. Vol. A; 9, p. 411, - | 
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Because their derivation depends on mathematical 
processes it is easy to come to regard the ordinary 
formulas for computing stresses in machine and 
structural parts as exact; but, as a matter of fact, such 
formulas give results representing general conditions 
of stress, and neglect the existence of hundreds of 
localized stresses affecting minute areas. For ex- 
ample, the ordinary method of computing stress in a 
plate under tension, punched for ‘rivet holes, is to di- 
vide the load on a strip of the plate by the net width 
of the strip after the width of rivet holes has been 
deducted; this method assumes that the tension is 
uniformly distributed across the plate, and neglects 
to consider concentration of stress near the edges of 
the holes where the intensity of ‘stress may be twice 
as high as the computed stress. Shoulders with sharp 
fillets, screw threads and shafts with keyways are a 
few of the many illustrations which might be given of 
members in which the application of the ordinary 
methods of stress computation neglect localized 
stresses. ) 


So long as a member is subjected to static load, or 
if the load on it is repeated only a few hundred times 
in its life these localized stresses do no particular 
harm; the area affected is very small, the general de- 
formation of the member is not appreciably influenced, 
and the load-carrying burden is shifted from the min- 
ute overstressed areas to the large normally stressed 
areas with no appreciable increase in the distress of 
the member. Under a loading repeated thousands of 
times this is all changed. The minute overstressed 
areas form centers of damage which spreads in the 
form of microscopic cracks, and at the end of each 
crack there is a region of high localized: stress which 
caused the spread of damage to continue, often to 
continue until the minute damaged area grows into a 
large damaged area, and failure follows. The growth 
of these microscopic cracks is shown in Fig. 1. 


This spreading of structural damage'in the form 
of microscopic cracks explains the suddenness of 
failure under fatigue. A flat bar of soft steel may be 
bent double without cracking, but if it be cut half 
across by a fine saw cut and then bent it snaps at the 
saw cut. The microscopic cracks through metal. under 
repeated stress are equivalent to little saw cuts, which 
gradually join each other; they have very little effect 
on the general deflection of the metal,. but gradually 
develop localized planes of weakness, along which 
sudden failure may occur. 


The phenomena of localized: stress also helps to 
explain why the “elastic limit” as determined by a 
- testing machine test is nota sure index of resistance 
to fatigue under repeated stress. Suppose the metal 
to be tested is of such chemical composition and has 
received such heat-treatment that it is, in general, 
strong, but due to the. method of production or treat- 
ment during fabrication it contains blowholes, “snow- 
flakes,” minute cracks, or initial strains. Then if its 
elastic limit is determined by a gradually increasing 
load these minute flaws will show very little effect, 
because they affect only a minute portion of the part 
stressed by the testing machine, while the extenso- 
meter measures the stretch over a considerable volume 
of metal. If the yield point is determined by the 
“drop of the beam” the ytelding .at a microscopic 
flaw -will not cause anywhere nearly enough chang 
of load to make the beam drop. | | | 

If, however, the metal is put into service under re- 
peated stress each blowhole, “snowflake” or crack is 
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a potential center of high localized stress and a poten- 
tial nucleus of progressively spreading damage which 
may result in sudden fatigue failure. 

Localized stress may be external as well as in- 
ternal. It may be caused by internal flaws as out- 
lined above or at external irregularities of surface. If 
any structural or machine member has in its outline 
a sharp inwardly-projecting corner it can be shown 
that the stress at that corner is theoretically infinite, 
and that the localized stress at any fillet increases 
very rapidly as the radius of the fillet is reduced. 
Rough turned finish may easily leave a member, e. g., 
a car axle, with a series of grooves of small radius at 
the root of which grooves occur very high localized 
stresses. In this connection it is of interest to note 
that the British experimenters, Eden, Rose, and Cun- 
ningham, showed that the endurance under repeated 
stress of a polished specimen could be materially re- 
duced by a needle scratch on its surface. It is, of 
course, impossible that all machine parts subjected to 
repeated stress should have a high polish all over, or 
that they should keep such a polish if it were applied 
in the beginning; it is, however, possible that such 
parts be given generous fillets at shoulders, and that 
care be taken to make the surface finish the best prac- 
ticable. In the present state of knowledge material 
which under the microscope shows flaws, or cracks, 
or, which tested with the strain gage shows high in- 
itial stress, should be viewed with suspicion, even if 
in the testing machine it shows a high “elastic limit.” 


Outline of Investigation of Fatigue of Metals. 


In the fall of 1919, there was started at the Uni- 
versity of Illinois, an Investigation of the Fatigue of 
Metals under the joint auspices of the National Re- 
search Council, Engineering Foundation, and IIinois 
Engineering Experiment Station. This investigation 
is at present organized and financed to be carried on 
until the fall of 1921. In planning this investigation 
it was decided by the advisory committee of the Na- 
tional Research Council that it should be the object 
of the investigation to make a series of fatigue tests 
of seven or eight typical steels accompanied by verv 
careful static tests, and impact tests, and in connec- 
tion with these tests various special tests including 
mapnetic tests. 


The testing machine chosen for the repeatéd stress 
tests is of the rotating beam type, and is practically 
the same as that described by F. M. Farmer before 
the American Society for Testing Materials, in June, 
1919. This type gives reversals of a very definitely 
known bending moment, and there is a considerable 
portion of the specimen under constant bending mo- 
ment. The specimen is a straight rod slightly re- 
duced in section over the middle portion of its length. 
lig. 36 shows the testing machine and the specimen. 


By past investigators there has been obtained a 
considerable amount of data on the fatigue failure of 
metals, but the committee felt that there was need for 
a comprehensive series of tests on metal whose 
history wes thoroughly known, correlated with very 
careful static tests of the same material. It is planned 
for each kind of steel tested, and for each heat-treat- 
ment given each kind of steel to run not less than six 
tests. to 100,000,000 repetitions of stress, and to ob- 
tain 18 to 24 points on a diagram of fiber stress plotted 
against numbers of repetitions of stress necessary to 
cause failure. | 
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The Use of the Microscope and the Heat 
Treatment of Steel 


The Microscopic Study of Steel Has Made Possible Improve- 
ments and Refinements in the Heat-Treatment of That Metal 
Which Could Not Have Been Accomplished Without Its Aid. 


By ALBERT SAUVEUR, 
Professor of Metallurgy, Harvard University. 


T IS NOT without hesitation that I accepted the 

kind invitation extended to me to contribute a 

paper on “The Value of the Microscope in Metal- 
lurgy,” because of the difficulty of doing justice to the 
subject in the necessarily small compass afforded by 
our transactions and because of lack of time for the 
careful preparation such paper calls for. Of necessity 
I must leave out of consideration the important and 
growing use of the microscope in non-ferrous metal- 
lurgy, to confine my remarks to iron and steel. But 
even to cover this subject alone would require the 
writing of a treatise. 1] must, therefore, select such 
phase of it as is most likely to be of interest to the 
members of this institute. With this in view, I shall 
consider chiefly the services rendered by the micro- 
scope in the heat-treatment of steel. 

Referring in a general way to the importance of 
metallography I venture to quote here some remarks 
formulated in 1912: 

“It is not to be supposed that the path trodden 
during the last score of years was at all times smooth 
and free from obstacles. Indeed, the truth of the 
proverb that there is no royal road to knowledge was 
constantly and forcibly impressed on the mind of 
those engaged in the arduous task of lifting metal- 
lography to a higher level.” 

“Its short history resembles the history of the de- 
velopment of all sciences. At the outset a mist so 
thick surrounds the goal that only the most courage- 
ous and better equipped attempt to pierce it and per- 
chance they may be rewarded by a gleam of light. 
This gives courage to others and the new recruits add 
strength to the besieging party. Then follows the 
well-known attacking methods of scientific tactics and 
strategy, and after many defeats and now and then a 
victorious battle the goal is in sight, but only in sight 
and never to be actually reached, for in our way 
stands the great universal mystery of nature: what is 
matter? What is life? 


“Nevertheless there is reward enough for the sci- 
entist in the feeling that he has approached the goal, 
that he has secured a better point of vantage from 
which to contemplate it. The game was worth 
candle. And if scientific workers must necessarily 
fail in their efforts to arrive at the true definition of 
matter, whatever be the field of their labor, they at 
least learn a great deal concerning the ways of matter, 
and it is with the ways of matter that the material 
world is chiefly concerned. ‘Hence the usefulness of 
scientific investigation, hence the usefulness’ of metal- 
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“Paper read before the seventeenth general meeting of the 
American Iron and Steel Institute. 
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“Like any other science with any claim to com- 
mercial recognition, metallography has had first to 
withstand the attack and later to overcome the ill-will 
and reluctance of the so-called ‘practical man’ with a 
decided contempt for anything scientific. He repre- 
sents the industrial philistine clumsily standing in the 
way of scientific applications to industrial operations. 
Fortunately, while his interference may retard prog- 
ress it cannot prevent it. Had he had his own way, 
neither the testing machine, nor the chemical labora- 
tory, nor the metallographical laboratory, nor the 
pyrometer would ever have been introduced in iron 
and steel works.” 

Speaking in 1904 of the practical value of metal- 
lography in iron and steel making, the author wrote 
the following, which it may not be out of place to 
reproduce here: 


“History, however, must repeat itself, and the evo- 
lution of the metallographist bids fair to be an exact 
duplicate of the evolution of the iron chemist; the 
same landmarks indicate his course; distrust, reluc- 
tant acceptance, unreasonable and foolish expecta- 
tions from his work, disappointment because these 
expectations were not fulfilled and finally the finding 
of his proper sphere and recognition of his worth.” 

Replying, in 1913, to some foolish criticism, I 
wrote: 


“If most of us must of necessity follow the beaten 
path, let us at least do so without intellectual blinders, 
that our vision may be broader, that we may con- 
template those—shall I say, more fortunate ones— 
who have been able or have been permitted to depart 
from it; and let us do so with reverence, for some of 
them at least are building roads that will lead nearer 
and over smoother ground toward the desired end. 
Surely these road builders are entitled to the respect 
and encouragement of alk pilgrims -bound toward a 
common goal, for their roads, when open to traffic, 
will be the highways of travel.” 
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These roads are now open to traffic and they have 
become the highways of travel, even though foolishly 
or destructively minded persons may still be at the 


Fig. 2. 


gate throwing harmless pebbles at the passers-by. 

In no department of metallurgy has the micro- 
scope rendered greater services than in the heat- 
treatment of steel. 

It may be contended at the outset that no satis- 
factory explanation can be given of the heat-treat- 
ment of steel without having recourse to the micro- 
scope. Metallography alone supplies it and a knowl- 
edge of its teaching is indispensable to the intelligent 
conduct of the needed manipulations; indispensable 
also to further progress in the art of treating steel. 


It would be difficult to find a contribution written 
within the last 10 years in any of our technical 
transactions on the subject of the heat-treatment of 
steel which is not based in part and often chiefly, if 


not wholly, on the teaching of the microscope. The 
reason for this is obvious. If the heat-treatment of 
steel is of such vastly greater importance and sig- 
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nificance than the heat-treatment of any other metal 
or alloy, if it implies a vastly greater number of pos- 
sible treatments and of possuble results, it is because 
steel, unlike other metals and alloys, undergoes. on 
cooling (and, on heating) considerably below its melt- 
ing point, momentous transformations which it is 
possible, at will, to arrest at any desired stage, there- 
by conferring to the metal an almost infinite number 
of combinations of physical properties to meet our 
equirements. Were it not for the microscope we 
would be in‘almost complete darkness as to the nature 
of these transformations and as to the extent to which 
a given treatment has permitted them to proceed. 
The diagram, Fig. 1, may help in visualizing these 
transformations as well as the results obtained by 
various heat treatments. For the sake of simplicity 
ue steel considered is assumed to be of eutectoid 
composition, that is, to contain in the vicinity of. 
0.85 per cent carbon and free therefore from excess 
ferrite or cementite. It is well known that when such 
a steel is allowed to cool slowly it exhibits a marked 
thermal critical point at about 700 degrees C, result- 


Fig. 4, 

ing from a spontaneous evolution of heat at that tem- 
perature, and it is also well known that on cooling 
through its critical point this steel which at higher 
temperature consisted of a solid solution of carbon in 
iron (austenite) is now converted into an aggregate 
of iron (ferrite) and the carbide of iron Fe,C (ce- 
mentite) the resulting intimate mechanical mixture 
of these two components being called “pearlite.” 


Austenite, however, is not abruptly converted into 
pearlite on reaching its critical point. The transform- 
ation is gradual, three stages at least being recognized 
as marking as many steps in the transformation. 
These stages correspond to readily distinguishable 
structures. They are often referred to as “transition 
constituents,’ and are called respectively, “mar- 
teniste,” ‘“troostite”’- and “sorbite.” This gradual 
transformation of austenite into pearlite is depicted 
in Fig. 1. If the cooling be sufficiently slow, the 
transformation is complete and the steel becomes 
pearlitic, a condition which imparts to it maximum 
softness and ductility and minimum tenacity. 


_,By-hastening and regulating the rate of cooling it 
is possible to prevent the full transformation at any 
desired stage in accordance with the set of physical 
properties desired. This partial suppression of the ~ 
transformation is made possible by the lowering of 
the critical point, that is, of the temperature at which 
the transformation takes place. 
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In other words the faster the cooling the lower the 
temperature of transformation, and the lower that 
temperature the more incomplete the transformation. 
If by the very rapid cooling involved in quenching 
steel the critical temperature remained at 700 degrees 
C, the steel would become pearlitic, and the harden- 
ing of steel therefore would not be possible. Quench- 
ing steel for hardening, however, lowers the trans- 
formation temperature to about 300 degrees C, and 
at that low temperature it is possible for austenite to 
be converted into martensite only. The transforma- 
tion is then arrested, the steel remains martensitic, 
and hence becomes intensely hard. It has been at- 
tempted to indicate in Fig 1, (1) the influence of the 
rate of cooling on the position of the temperature of 
transformation, and (2) the influence of the position 
of the temperature of transformation on the amount 
of transformation taking place. The critical point has 
been represented in each case by a set of two parallel, 
horizontal lines in order to make it possible to indi- 
cate the progress of the transformation as the metal 
cools through this point. Seven rates of coolng are 
depicted yielding, respectively, pearlite, pearlito-sor- 
bite, sorbite, sorbito-troostite, troostite, troostito- 
martensite, and martensite. Typical illustrations of 


Fig. 5. 


these constituents are appended to this paper. It is 
well known that it is not possible to prevent alto- 
gether the transformation of carbon steel, that is, to 
retain it in its austenitic condition, the fastest rate of 
cooling producing martensite. 

From the teaching of the diagram of Fig. 1, we 
naturally infer that in order to produce pearlito-sor- 
bitic steel the metal should be cooled at such a rate 
as to lower its critical point to about 625 degrees C, 
while to obtain sorbitic, sorbito-troostitic, troostitic, 
troosto-martensitic or martensitic steel, the cooling of 
the metal should be conducted with increasing 
rapidity. 

It should be born in mind, however, that while it 
is known that when the transformation takes place 
at 700 degrees C the steel becomes pearlitic, whereas 
with its transformation lowered to 300 degrees C it 
becomes martensitic, it is not claimed that the tem- 
perature of transformation corresponding to the va- 
rious structures described are accurately indicated in 
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the diagram and that for obvious reasons the aim is 
to depict the mechanism of the critical transforma- 
tion of steel and the relation existing between the 


Fig. 6. 


three factors, rate of cooling, position of the trans- 
formation temperature and degree of transformation. 
it should also be stated here that in an important 
paper by Portevin and Garvin* the authors, while 
noting the gradual lowering of the temperature of 
transformation caused by increasing rate of cooling. 
are led to believe in a discontinuity of the phenome- 
‘on when the cooling is very rapid as in quenching, 
and to conceive the existence of what they term 
“critical speed of quenching.” In their opinion the 
lowering of the point is gradual only so long as it 
occurs above 600 degrees C. This conception calls 
‘or the occurence on quenching of a thermal point at 
about 650 degrees C, which they call A,, indicating 
the formation of troostite and of a second point called 


*The experimental investigation of the influence of the 
rate of cooling on the hardening of carbon steel.—A. M. 
Portevin and M. Garvin Journal Iron and Steel Institute, No. 
1, 1919, page 469. 
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Ar, in the vicinity of 300 degrees C, corresponding to 
the formation of martensite. Steels exhibiting these 
two points contain both troostite and martensite; 
those for which the upper point, Ar’, only occurs are 
entirely troostitic, while those exhibiting the lower 
point, Ar”, only are entirely martensitic. It is also 
noted by the authors that the thermal point at 650 de- 
grees C corresponds to a distinct jog in the cooling 
curves while the evolution of such occuring in the 
vicinity of 300 degrees C is much more gradual, caus- 
‘ng merely a change of direction of the cooling curve. 
For a certain rate of cooling (the critical rate) the 
upper point abruptly disappears while the lower one 
persists or makes its appearance. 

Should further investigations confirm the accuracy 
of this brilliantly worked out conception the diagram 
herewith submitted which the author has used for 
years in his teaching would have to be modified ac- 
cordingly. Pending his confirmation its use in illus- 
tration of the remarks of this paper appears justified. 

The very frequent occurrence of both martensite 
and troostite in the same sample of quenched 
steel is not explained in a fully satisfactory manner 
voy Portevin and Garvin’s theory seeing that it de- 
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mands the occurrence of the two points Ar’ and Ar” 
implying the transformation into troostite at 650 de- 
grees C of a portion of the austenite and the trans- 
formation into martensite of the balance of 300 de- 
grees C. Without discussing the matter further let 
it be observed that this theory also indicates that the 
structure of steel depends primarily upon the extent 
of the transformation which in turn depends upon the 
temperature at which that transformation takes place. 

Sorbite is more tenacious, harder and less ductile 
than pearlite; troostite is more tenacious, harder and 
less ductile than sorbite; martensite is more tenacious, 
harder and less ductile than troostite. When maxi- 
mum softness and ductility are needed, therefore, the 
treatment should be of such a nature as to permit the 
steel to become pearlitic which in turn implies a 
transformation at about 700 degrees C, hence, slow 
cooling. Such treatment is generally known as “an- 
nealing.” P 

To produce greater tenacity and elastic limit with 
reduced ductility although retaining freedom from 
brittleness, the metal should be made sorbitic through 
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a suitable rate of cooling, by which the position of 
the critical point will be sufficiently depressed. 


To produce great hardness, necessarily accom- 
panied by little ductility, if not by brittleness, the steel 
should be made martensitic or troostito-martensitic 
which implies cooling at such rate that the tempera- 
ture of transformation is lowered to about 300 de- 
grees C. These three basic treatments may be called, 
respectively, “Softening,” “Strengthening” and “Hard- 
ening” treatments. It is obvious that the gradual 
transformation of one constituent into another, as for 
instance, of martensite into troostite may result in the 
presence in the metal of these two constituents in an 
infinite number of proportions, hence that the physi- 
cal properties of steel may be made to vary by an in- 
finite number of steps. 


The physical properties of steel, however, do not 
depend exclusively upon the relative proportions it 
may contain of the micro-constituents mentioned 
above; they also depend upon what may be termed 
‘the fineness of the structure.” In other words steel 
may be finely or coarsely pearlitic, finely or coarsely 
sorbitic or martensitic, when it will be found in nearly 
every case that the finer structure is preferable. 
Hence, the desirability of producing not only the 
necessary constituents but of obtaining them in the 
finest possible form. This is why, for the purpose of 
heat-treatment, the steel should not generally be 
heated to a temperature much above its critical range. 
Again, in steel so generally, although, vaguely, de- 
scribed as “heat treated,” the aim is generally to pro- 
duce a sorbitic condition in order that the metal may 
be highly tenacious, but this condition is not as -a 
rule imparted by a single cooling through the range 
at the proper rate because such treatment while pro- 
ducing sorbite will not yield it in a sufficiently fine 
condition. It is preferable to have recourse to an in- 
direct treatment consisting in first producing mar- 
tensite through a faster cooling and then in trans- 
forming that constituent into sorbite by a so-called 
“drawing treatment,” because the very fast cooling 
needed to produce martensite implies a finer struc- 
ture and this fineness of structure is retained when 
martensite is tempered into sorbite. 


Passing now to alloy steels, metallographic 
methods of investigation again supply the key neces- 
sary to understand the remarkable properties of some 
of these alloys and the influence of heat-treatment. It 
has been found that some elements such as manganese, 
nickel, chromium, tungsten and others when alloyed 
with iron and carbon yield results to which these 
alloys owe their great industrial importance. It may 
be asserted that were it not for the marked influence 
of the elements in lowering (or raising) the position 
of the temperature of transformation they would have 
comparatively little, if any, influence on the physical 
properties, and alioy steel, therefore, would be of little 
importance. If manganese steel, for instance, had its 
transformation temperature on slow cooling at the 
ordinary temperature, that is, in the vicinity of 700 
degrees C, the steel would become pearlitic on slow 
cooling and would not therefore differ materially from 
ordinary slowly. cooled carbon steel. Manganese, 
however, lowers the point of transformation causing 
that transformation to take place at gradually lower 
temperatures and therefore causing the steel to as- 
sume on slow cooling the various structures described 
above and which in carbon steel can be obtained only, 
if at all, by increasing the rate of cooling... When, for 
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instance, a sufficient proportion of manganese or 
nickel has been introduced to lower the temperature 
of transformation to some 300 degrees C, the steel, 
although slowly cooled, becomes martensitic. Indeed 
with some of these elements it is possible to prevent 
the transformation altogether retaining the steel in 
its austenitic condition. Obviously in such cases no 
thermal critical point occurs above room temperature. 
The influence of some of these alloying elements, 
therefore, is to produce after slow cooling, structures 
which in carbon steels can be obtained only by rapid 
cooling (quenching), if at all. The advantage of ob- 
taining sorbitic or martensitic structures without 
having recouise to quick cooling is obvious because 
of the inherent dangers of the quenching bath. 

To clarify, steel to become martensitic must have its 
transformation lowered to some 300 degrees C. This 
can be accomplished in carbon steel (provided enough 
carbon be present) by quenching, while in some alloy 
steels it is produced through the addition of a sufficient 
amount of the special element without the necessity of 
quenching. Such steels are frequently referred to as 
“air” or “self-hardening”’ steels. 

A third factor is sometimes effective in lowering the 
temperature of transformation sufficiently to produce 
martensite, namely, increasing the temperature from 
which cooling begins. Some nickel chromium steels, for 
instance, which after slow cooling from a temperature 
slightly above the normal position of their critical point, 
are pearlitic or sorbitic, may become martensitic if the 
cooling proceeds from a considerably higher temperature. 
It is observed then that as the temperature from which 
cooling begins increases, the position of the critical point 
is lowered until when it reaches some 300 degrees C., 
martensite is produced. In some cases the normal ther- 
mal critical point occurring in the vicinity of 700 degrees 
C. on slow cooling from slightly above the critical range 
seems to gradually disappear as the temperature from 
which cooling begins increases, while a new point occurs 
in the vicinity of 300 degrees C. increasing somewhat in 
intensity as the temperature from which the metal cools 
increases. This is what happens in the heat-treatment of 
high speed steel. It remains true however, that steel be- 
comes martensitic whenever the temperature of transfor- 
mation is lowered to about 300 degrees C., whether this 
be accomplished by quenching or through the influence 
of the special element or elements assisted or not by in- 
creasing the temperature from which cooling begins. 


“In regard to the formation of martensite, steels there- 
fore may be divided into the following classes: 

Water hardening steel, that is, those steels which 
in order to become hard must be quenched in water as 
for instance, medium high carbon steels. 

Oil hardening steel, that is, those steels which become 
seo after quenching in oil as for instance high carbon 
steels. 

Air hardening steel, that is, those steels which become 
hard after air cooling as for instance, some nickel 
chromium steels, some nickel steels, some manganese 
steels, etc. 


Furnace hardening steel, that is, those steels which 
become hard even after very slow cooling in the furnace 
as for instance, some nickel and some manganese steels. 
_ Air hardening and furnace hardening steels are some- 
times Called “self” hardening steels. | 

- The question may well be asked, however, whether 
the martensite formed under these different cooling con- 
ditions should be identical in structure and physical 
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properties seeing that this constituent may have formed 
(1) very quickly in water quenching, (2) more leisurelv 
on-air hardening, or (3) very leisurely on furnace cool- 
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ing. Indeed it is apparent that martensite produced on 
slow cooling is more stable than the same constituent 
obtained by rapid cooling. Carbon steel for instance, 
made martensitic by quenching can be readily tempered 
and softened while self-hardening steel made martensitic 
by slower cooling requires prolonged heating to some 
600 degrees to 675 degrees C. to be softened. This is 
why some of these self-or-air-hardening steels were used 
successfully as cutting tools before the introduction of 
high speed steel. They could be used at greater speed 
than quenched carbon steel without losing their cutting 
edge through the tempering action of the heat of fric- 
tion. Their martensitic condition was more stable. Fur- 
nace hardening steels which become martensitic after 
furnace cooling should retain their cutting edge when 
heated to still higher temperature and should therefore 
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possess some of the’ essential properties of high speed 
steel.-- Obviously then the condition of any hardened 
steel is the more unstable, that is, it yields the moré 
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readily to tempering and drawing, not only the more in- 
complete its transformation but also the faster the cool- 
ing that produced this partial transformation. To illus- 
trate martensitic carbon steel is more unstable than the 
same steel in a troostitic condition because it is less com- 
pletely transformed: martensitic air hardening steel is 
more stable than martensitic carbon steel because the 
martensite of the former resulted from a slower rate of 
cooling. 

The microscopic study of steel has made possible, 
improvements and refinements in the heat-treatment of 
that metal which could not have been accomplished with- 
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out its aid. It seems hardly necessary to call the atten- 
tion of the members of this institute to the important part 
played by the microscope in those plants where steel must 
be subjected to careful heat-treatment as for instance in 
the manufacture of automobiles, aircrafts, etc. It has 


made possible that reduction in weight so essential in 
those constructions a reduction which can be obtained 
only by so treating the different parts as to obtain maxi- 
mum properties for each pound of steel used. Employers 
from these plants have sought instruction in metal- 
lography by the hundreds if not by the thousands. 


Ash Disposal in Modern Power Plants 


Advantages and Disadvantages of Various Types of Ash Disposal 
Systems—Types of Conveyors—Engineering Study Necessary 
for Each Particular Installation. 


By GUY S. HAMILTON, 
American Steam Ash Conveyor. 


YEAR or so ago, one of our well known power 

A plant publications described the ash handling equip- 

ment in the power plant of a well known educa- 

tional institution—a state school with a progressive repu- 
tation. 

Of special interest was the description of the ash 
handling equipment installed in this plant. Describing it, 
the article stated: 

“The ash handling equipment is located in the base- 
ment; beneath the stokers is a horizontal drag chain con- 
veyor 48 feet between centers, into which the ashes are 
discharged. It runs at a speed of 60 feet per minute and 
has a capacity of eight tons per hour. The ashes are 
carried along by the bottom strand in a cast-iron trough, 
the returning strand of chain being carried on angle iron 
guides at the top. This conveyor discharges the ashes 
into a vertical elevator, which passes up through the main 
boiler room to the ceiling and there empties the ashes into 
a spiral conveyor by which they are delivered to the steel 
storage bin outside. This bin, which can be seen in the 
foreground in the headpiece, is elevated at the bottom 
with a large clam shell valve through which the ashes 
may be discharged. The entire ash-handling unit is 
driven by one motor, so that all sections start at the same 
time.” 


It is to be supposed that equipment installed would 
be of the first order from a point of engineering design, 
yet when the conveyor equipment is analyzed three types 
of conveyors were used to handle the ashes from stoker 
pits to ash tank outside: 


1. A drag chain conveyor. 
2. A verticle elevator. 
3. A spiral gravity conveyor. 


It is evident that the engineer in charge of the design 
had not studied very seriously the subject of ash disposal 
engineering. Had that been the case he would have 
chosen some simpler type of equipment to do this work. 

There are many kinds of equipment now in use as 
ash conveyors. Some of these fill their requirement 
ideally. Others are make-shifts or are the results of per- 
suasion on the part of over zealous salesmen to force a 
conveyor on a trusting but uninformed engineer. 
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Ash disposal is a subject in itself. Its importance 
should not be minimized. Upon the correct design of ash 
conveying machinery often depends the efficiency and 
economical operation of the plant. 

So important is the subject of ash disposal that it 
should always be left to experts. The engineer design- 
ing the plant should call into consultation ash disposal 
engineers whose entire training has been on this subject. 
Only by so doing will the ash handling design be in keep- 
ing with the rest of the plant. 

The type of equipment of course will depend on the 
plant conditions. The location and number of boilers, 
the type of stokers, the amount of horsepower developed, 
the kind of coal burned, the general plant arrangement— 
all must be taken into consideration by the ash disposal 
engineer. There are however, certain outstanding facts 
about various types of equipment that can properly be 
discussed and it will be the mission of this paper to 
numerate and comment on them. 

The oldest and the most primitive forms of ash dis- 
posal are of course the wheelbarrow and ash can. Aside 
from the expense due to labor it 1s practically impossible 
to keep men on this back-breaking job when they can 
obtain other kinds of employment. The wheelbarrow 
type of ash handling is found even in otherwise modern 
plants. 


Mechanical methods are of numerous types. Some 
types can be condemned outright; others have points of 
merit. A resume of the field reveals the following types 
which are in familiar use: 


Flight conveyors. 

Pan conveyors. 

Belt conveyors. 

Pivoted bucket conveyor. 
Monorail conveyor. 
Bucket and chain elevator. 
Skip hoist conveyor. 


Flight Conveyors. | 

While there are almost numberless different forms of 
flight conveyors, the essential elements are the same in 
all forms. The flight conveyor consists of a series of 
equally spaced flights, drawing through a trough by 
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means of some form of chain. In this conveyor a single 
strand of chain is used, which is connected to the center 
of the flights by some form of attachment link. The 
flight is provided with an iron wearing shoe at each side, 
which supports and guides the flights on the angle iron 
track, provided at each side of both the carrying and 
return runs. The weight of the chain is also transmitted 
through the flights to these wearing shoes. The distance 
between the return run and the carrying run can be 
varied to suit different conditions. 

As the entire weight of the flights and chain 1s carried 
on the wearing shoes which drag on the track, a consider- 
able saving in power and wear can be effected by using 
rollers instead of wearing shoes. The initial cost of such 
a conveyor is, of course, greater than where wearing 
shoes are used. The trough is practically the same for 


either of these conveyors, being made up of pressed steel . 


usually 1% inch thick. Intermediate discharge points may 
be obtained by cutting away the bottom of the trough at 
these points and providing either a slide or drop gate at 
that point, which can be opened when discharge is desired, 
and over which the material is conveyed when the gate 
is closed. 


It is obvious that where a single strand of chain is 
used that there still be a tendency to twist the flight about 


the central axis of the chain, if the flight is made of any. 


considerable width. As the carrying capacity of the con- 
veyor depends directly upon the area of the flight, a large 
flight would also necessitate a larger, heavier chain. For 
these reasons, where a large flight is necessary, two 
strands of chain are used, and the rollers are incorporated 
as a part of the chain itself. This form of conveyor is 
shown in Fig. 4. The double strand conveyor is nearly 
twice as high in initial cost as the single strand, owing to 
the fact that twice as much chain is required, also double 
the number of sprockets. The roller chain used on the 
double strand conveyor is also more expensive than the 
chain used in the single strand conveyors. 


Pan Conveyors. 

Pan conveyors may be considered as a refinement of 
the drag conveyor. In the pan conveyor the flights are 
omitted and the trough itself is made in sections and 
mounted on the chain. By this change the material to 
be conveyed is actually carried in the trough instead of 
being dragged through it. The consequent reduction in 
wear on the trough is obvious. A true pan conveyor is 
made up of a series of cast iron pans supported by rollers 
and mounted on a single strand of chain. The entire 
conveyor is carried on steel tracks. As the pans must be 
stiff enough to support themselves and the load carried, 
they are generally made of cast iron when used for 
handling abrasive material. Steel, unless quite thick, 
would give sufficient stiffness and would be more quickly 
worn out by the abrasive material. 

All forms of pan conveyors are too expensive, both 
in initial cost and maintenance, for the economical 
handling of ashes. 

Belt Conveyors. 

The belt conveyor is merely a continuous belt of can- 
vas or rubber on which the material to be carried is 
deposited and either discharged over the head pulley or, 


at Intermediate points through a specially designed tripper - 


or unloader. In order to increase the carrying capacity 
of the belt and to prevent spilling, the edges of the belt 
are turned up by some form of troughing roller. In 
order to properly support the carrying belt, these trough- 


ing rollers must be installed at an average spacing of five: 


feet centers. The return belt is supported below the 
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place the entire belt about every six months. 


879 


carrying belt on flat rollers, which may be spaced 10 to 
12 feet centers. On long belts it is necessary to install 
guide rollers at the edge of the carrying belt, at intervals 
of 30 to 50 feet centers, to keep the belt traveling in a 
straight line. 

As the material is actually carried on the belt, it is 
possible to operate the conveyor at a much higher speed 
than is the case with the drag conveyor, or any other type 
of carrying conveyor. The capacity of belt conveyors 
is, therefore, relatively much greater than any other type 
of mechanical conveyors. 

It is readily seen that owing to the number of trough- 
ing rollers and return rollers required, as well as the 
driving machinery and supports, that this type of con- 
veyor is quite expensive to install. The belts used for 
this purpose are specially made and are very expensive. 

This type of conveyor should never, under any cir- 
cumstances, be used for the handling of ashes for the fol- 
lowing reasons: 

First—Initial cost of installation. 

Second—Ashes must always be thoroughly quenched be- 
fore being placed on the belt, as no successful fireproof belt 
has ever been developed. 

Third—It has been found by experience that where belt 
conveyors are used for ash handling, that on account of the 
extremely abrasive nature of the ash, it is necessary to re- 
The cost of 


maintenance is therefore entirely too high to justify the use 
of this type of conveyor for the handling of ashes. 


Pivoted Bucket Carriers. 

The pivoted bucket carrier is composed of a contin- 
uous series of malleable iron buckets pivoted between 
two strands of roller chain, of approximately 18-inch 
pitch. There are several different forms of this carrier 
on the market. The difference in these buckets are prin- 
cipally in the method used to empty the buckets at the 
discharge point, the method used to close the gaps be- 
tween adjacent buckets to prevent spillage, and the 
method of driving the conveyor. In one form of carrier 


. the buckets are made with an overlapping lip, in a second 


form a roller is introduced between adjacent buckets, etc. 
The roller chain is carried and guided by a track com- 
posed of standard light tee-rail. This rail is mounted on 
special cast iron rail chairs, both horizontal and vertical 
runs. The buckets can be dumped at any desired point 
by means of an adjustable dump mechanism, which may 
be set wherever desired. 

As the buckets are pivoted and always remain in the 
horizontal position except when being dumped, this con- 
veyor can be used for handling material both horizontally 
and vertically. The pivoted bucket carrier is generally 
installed in power plants, so arranged as to handle both 
coal and ashes in the same carrier. It is installed in the 
form of a loop, running through the basement, up one 
end of the boiler house, over the top of the overhead coal 
storage bunkers and down the other end to the basement. 
Coal is discharged from the receiving track through a 
track hopper, feeder and crusher, into the pivoted bucket 
carrier in the basement, and carried up to the overhead 
storage bunkers. Ashes are raked or dropped from the 
ash pits into the horizontal run in the basement and car- 
ried up to an overhead bunker for storage. 

The pivoted bucket carrier is the best known form of 
handling coal in a power plant. Coal dust is an actual 
lubricant to all wearing parts of the conveyor, and if 
ashes are kept out of the conveyor, all parts of the car- 
rier will wear for a very great length of time. This car- 
rier 1s the most expensive form of mechanical conveying 
equipment, and the handling of ash in this type of ap- 
paratus might be compared to the use of an expensive 


380 he Blast furnace Steel Plant 


touring car for trucking purposes. It is absolutely im- 
possible to prevent wear on the chain due to the ‘abrasive 
A great many plants in which ‘this’ 
apparatus has been installed for the handling of both’ 
coal and ashes have been compelled to install some other 


dust from ashes. 


form of apparatus to handle the ash in order to prevent 


the expense and delay caused by the breaking of chain, 


and wearing out of moving parts. In a large plant the 
pivoted bucket carrier is generally needed continuously 
for the handling of coal and cannot be tied up in ‘han- 
dling ashes. It has been found absolutely necessary, by 
long experience to divorce the handling of coal and ashes, 
installing separate equipments for each purpose. =_— 
Monorail System. 


The monorail system of handling material consists 


primarily of an overhead track carrying a trolley or car- 


riage on which is mounted a hoist.for handling a bucket 


of large capacity (14 to two or three tons): Both hoist- 
ing and travel may be accomplished by either hand or 
electtic power. Standard’ I-Beam sections are usually 


employed for the track, which can be equipped with. 
single or multiple point switches, wherever desired, giv- 
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Cross section of boiler showing ash conveyor systems, 


ing great flexibility in a horizontal plane. These switches 
can be operated from the ground. os 
Where electric power is used, the hoist and carriage 
are made in two forms. One form is controlled, both 
with regard to hoisting and travel, from the ground, and 
it is necessary for the operator to walk with the carriage 


when it is traveling along the track. In the other form, 


which is used for large capacity, a carriage in which the 
operator rides is attached to the trolley and both hoisting 
and travel are controlled from this carriage. This is one 
of the best forms of ash handling equipment for use 
where ashes are produced in latge quantities and are to 
be carried to a considerable distance from the plant. It 
is also an exceptionally good method for taking. care of 
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large, hard clinkers, which cannot be broken- small. 
enough to be hardled in other types of conveyors. For- 
this reason, it is particularly adapted to use with gas pro-- 
ducers or other furnaces in which large clinkers and. wet: 
ashes are produced. In installing this class of .equip-: 
ment, the tracks should be so arranged that the bucket: 
can be dropped directly into the ash pit or directly in- 
front of the ash door in hand-fired plants. The buckets- 
should also be of sufficient capacity to remove the entire: 
accumulation of ashes in one pit at one loading. -.° ~- 
Where chain grates, or stokers similarly equrpped 
with hoppers are installed, the same apparatus can ‘be- 
very successfully used for the handling of the coal. -- - 
Where it is necessary to carry the ashes from a large 
plant to a distance greater than 150 or 200 feet beyond. 
the house, the monorail system is probably the most suc- 
cessful system that can be employed. : 


Bucket and Chain Conveyor. 3 

For hand operation, a standard chain hoist is sus-' 
pended from the trolley. The trolley is also equipped 
with a chain-operated drive for moving it on the track. 
For a comparatively small plant, where the necessary: 
travel is not great, this hand power equipment can be 
successfully employed for the handling of both ashes and: 
coal. It does not, however, give the greatest saving of: 
manual labor, as ashes must be shoveled from the borler: 
or ash pit into the bucket. There are certain conditions 
which warrant the installation of this equipment in small 
plants, but all possible points should be considered by 
experts in ash handling before a definite decision :1s- 
reached. | | | 


Skip Hoist. oe wy 

The skip hoist is one of the oldest methods of elevat-: 
ing materials. This apparatus, in simple form was in- 
general use in the Kimberly diamond fields, and is often. 
spoken of, especially by mining men, as the “Kimberly. 
Skip.” The skip, as used in the diamond fields, consisted 
of an open-end car running on an inclined track from the 
bottom of the pit to the top of the dump pile. At the. 
top the track was dropped suddenly around a curve so. 
that the car was inverted and the contents dropped on 
the dump pile. This form of skip is used, in a greatly. 
improved form, for charging the blast furnaces in all 
steel plants, and for handling ashes where the conditions. 
demand an inclined hoistway. 


The skip hoist, is fundamentally, a bucket or car, of 
the proper capacity to meet conditions, so arranged as to: 
be quickly hoisted to the dumping point, automatically 
tipped to discharge the load, and returned to the loading 
point. The track, or hoistway, may be either vertical or 
inclined to suit local conditions. 


Probably the first general use of the vertical skip hoist 
was for elevating coal to the storage pocket in railroad 
coaling stations. This type of coaling station is now 
almost a standard, owing to low operating cost and 
maintenance. In the vertical skip it is found more prac- 
ticable to mount the bucket or car in a separate frame, to 
which it is pivoted, than to change the direction of the 
guiding track. By this arrangement the pull of the hoist- 
ing rope is always the same (vertical) direction. 

The bucket frame runs between two guides which 
extend the entire height of the hoistway. The bucket is 
so pivoted, with reference to its center of gravity, as to 
be held in the upright position by its own weight, and the 
weight of the load. At the dumping point, near the top 
of the hoistway, is located a separate, curved guide which. 
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engages a roller on each side of the bucket, pulling the 
bucket into the dumping position: 

The car and skip hoist system should never be con- 
sidered for installation in a plant that is not provided 
with ash pits from which the ashes can be dumped 
directly into the car. Otherwise too much labor is 
required for loading the cars. 


The typical installation may be described as follows: 

The boilers are installed in two rows, and are provided 
with ash pits from which the ashes can be dumped direct- 
ly into industrial cars in the basement. Two tracks are 
required to bring these cars to the ash pits, but the tracks 
are both brought to the loading point of the skip hoist. 

The filled car is pushed to the foot of the hoistway 
and the ashes dumped into the skip bucket. The operator 
then pushes the electric control button and goes back with 
the industrial car for another load. As soon as the con- 
trol button is pushed, the electric hoist is automatically 
started, and the skip bucket is raised to the dumping 
point. The arrival of the bucket at the dumping point 
automatically stops the hoist and operates a solenoid 
brake which holds the bucket at the dumping point for a 
predetermined length of time. This length of time can 
be regulated by adjustment of the automatic control. 
Having remained at the dumping point long enough for 
the ashes to be emptied, the bucket automatically returns 
to the foot of the hoistway and stops, ready for another 
load. It is to be noted that the operator does not need 
to waste time waiting to stop the hoist when the bucket 
reaches the top or bottom, but can be getting another load 
of ashes while the hoisting and dumping are taking place. 

If the hoistway passes through ‘a clean boiler room 
it should be enclosed all the way to the top to prevent 
possible spilling of ashes into the room. If it is entirely 
outside of the building, it is not necessary to enclose the 
hoistway except at the top. It shou!d always be enclosed 
above the roof of any building through which it passes, 
to keep rain and snow out of the building. 

The chute to the storage bin should be lined with hard 
cast iron to take care of the wear on the bottom, due to 
the sliding ashes. 

The advantages of this system of ash handling are: 


First—Capacity. This method is especially adapted for 
plants producing large quantities of ashes. The usual indus- 
trial car is of one-ton capacity, and the capacity of a corre- 
sponding skip hoist would be from 10 to 25 tons per hour, 
depending on height, etc. 

Second—The car and skip method is about the only suc- 
cessful method for handling extremely large and hard clinkers. 
The clinkers handled by this system need little breaking. 

Third—Power is used only when ashes are being actually 
hoisted, and is not wasted while ashes are being brought to 
the hoist. 

Fourth—The skip hoist can easily be designed and con- 
structed so that it can be loaded or dumped at different 
levels. In this way it is possible to handle ashes from boilers 
on different levels in the same hoist, and also to discharge at 
different elevations. 

Fifth—As the ashes come in contact with no moving part, 
the only wear is on the discharge side of the bucket and on 
the bottom of the discharge spout. Maintenance is there- 
fore exceedingly low, per ton of ash handled. 


The disadvantages are: 


First—The initial cost of such an installation prohibits its 
use in any but the largest plants. 

Second—The ashes must be moved from the boilers to the 
hoist by manual labor. 

Third—The electric control must be inspected and main- 
tained by a competent electrician. 


For plants producing too great a quantity of ashes, 
or having clinkers too large and hard for the steam jet 


Google 


The Blast Furnace Stee! Plan! 381 


conveyor, the industrial car and skip hoist will give the. 
ideal equipment. 

It is becoming quite common practice, in very large 
plants, to install boilers on the second floor of the plant, 
with ash pits of ample capacity underneath. A railroad 
track is installed, on the ground level, directly under the 
ash pits. The ashes are dropped, through large doors or 
gates, directly into railroad cars. 

This is the most successful, and simplest way of hand- 
ling ashes from a large plant. The objections to this 
method are: ; 


First—Trouble in obtaining cars as required. 
Second—Very great expense in peg Oe complete boiler 
plant to the second floor instead of installing on ground level. 


The Steam Jet Conveyor. . 
This conveyor consists, primarily of a line of pipe 
into which ashes are fed, and through which they are 


Boiler plan showing another ash conveyor 
installation. 


suction line is provided with an air intake. The line be- 
yond the suction line is called the “discharge line.” The 
discharge line may be a continuation, in a straight hori- 
zontal line, of the suction line; may rise at any angle to 
the discharge point, or may rise vertically from the end 
of the suction line, through what is called the “riser,” to 
an upper, horizontal discharge line. 


The suction is created in the suction line by the 
action of a jet of high velocity steam discharged into the 
center of the pipe line, in the direction of travel of the 
ashes. This steam discharge tends to create a vacuum 
behind it, which in turn creates a current of air through 
the air intake at the end of the line. The steam jet is 
applied to the conveyor by means of a “steam unit fit- 
ting,” in which is inserted a specially designed ‘‘nozzle,” 
or nozzles. This steam unit may be of the “straight-line” 
variety, for use in a perfectly ssraight run, or it may be 
made of any desired angularity. In the angular steam 
units only one nozzle is necessary as it can be inserted in. 
the end of the fitting, discharging directly down the cen- 
ter line of the discharge pipe. In the straight-line fitting 
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two nozzles.are used, inserted on opposite sides’ of the 
fitting at the proper angle so that the resultant of the 
two jets-will:be down the center of the pipe, without the 
production of: swirling, or eddy currents. The effective 
suction distance of one steam unit, is, of course, limited, 
and if this distance is exceeded in the length of the suc- 
tion line, it is.necessary to install additional “booster” 
steam units. These booster units are always straight-line 
fittings unless a necessary bend in the suction line allows 
the use of an angle fitting. 


_ The discharge of the ashes beyond the steam unit is 
really an ejection due to the force of the steam jet 
actually pushing the ashes through the pipe. The effec- 
tive discharge distance of a steam unit is much greater 
than its suction distance, therefore in the average system 
no additional steam units are necessary in the discharge 
line, _The actual number and location’ of steam units 
can only be determined by experts who have had experi- 
ence in the-design, installation and operation of these 
conveyors. «= “i. 
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Method of coal handling. The coal in this case is unloaded 
from. cars to stock pile and may be taken from either 
cars or stock pile directly to the boilers. This is all 
done with a minimum amount of labor as the services of 
but one man is required. A Hayward clam shell bucket 
with regular bowl in this case is operated by an over- 
head system which is clearly shown by the photograph. 


.. There are three methods of discharge from a steam 
jet conveyor: Open distance discharge, baffle box, and 
storage bin.. The open discharge is usually used where 
it is desired to fill a gully, or other low ground, and where 
the. blowing of ash dust will not be objectionable. In this 
method of discharge, the ashes are merely. blown from 
the end of the pipe without any restraint. As the ashes 
are blown 50 to 75 feet beyond the end of the pipe, some 
ash dust will be carried over the neighborhood, even 
when the most effective water jet is installed in the line. 
This method has been found perfectly satisfactory for 
use in coal mines and similar plants. 


- In order to-confine the discharge to one point, such 
as a car, wagon, etc., a baffle box is used. This baffle 
box must be properly designed to take the impact of the 
discharged ashes without undue wear, and to discharge 
the ashes without packing. By the proper design of all 
details this system ‘will not cause any trouble due to dust 
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in plants located in manufacturing districts. . The great 
objection to this method of discharge is the lack of stor- 
age, and the fact that a-car or wagon must be held until 
sufficient ashes are obtained for a full load. 

In plants where ash storage is desired or where the 
plant is located in a residence or business district and 
absolute freedom from dust is essential, an ash bin musf 
be installed. All of the feature of this method of dis- 
charge will be discussed under the subject of bins. 


In selecting a steam jet ash conveyor the following 
points should be given careful consideration. 


Material—The metal in the conveyor should be the 
hardest that can be manufactured, to stand the abrasive 
action of the ashes. If the metal is of the proper hard- 
ness it is impossible to machine it in any way. The use 
of the proper metal in the steam nozzles is one of the 
most important points in the manufacture of a steam jet 
conveyor. 


Joints—The joint in the pipe should be so designed as 
to be easily and quickly installed and should result in a 
joint that is not only steam and airtight when installed, 
but will remain so during the entire life of the pipe or 
fitting. . In other words, the joint should remain tight 
until the pipe is worn entirely through. This is only 
possible with a full flanged pipe having gasket material 
extending the full width of the flanges. : 


Ash Intakes—The ideal intake fitting should be so 
designed that all of the wear due to the first impact of 
the ashes is taken inside of the fitting and not on the 
pipe beyond the fitting. The fitting should also be pro- 
vided with renewable liners designed to protect the body 
of the fitting from wear. If the fitting is installed ahead 
of a booster steam unit, the cover should be heavy enough 
to prevent its being blown off, and should be deep enough 
and of the proper shape to fill out the exact contour of 
the inside of the pipe. The cover should, of course, make 
a practically airtight joint with the top of the fitting. 


Wear—lIn considering the life of_a liner or fitting, 
the actual amount of ash handled over the part should 
be considered, and not the length of time the part was in- 
stalled in the line. In other words, always figure cost 
of maintenance as a certain amount per ton of ash. 


All fittings should be designed so that all points stb- 
ject to extreme wear are protected by renewable liners, 
easily removed and replaced without removing the body 
of the fitting from the pipe line. As the greatest wear on 
straight pipe occurs on the bottom of the pipe, the system 
should be so designed as to allow the pipe to be easily 
turned and worn on all sides, but still maintaining a 
smooth bottom surface at all joints. 


Unnecessary turns in the line should be eliminated to 
keep steam consumption and maintenance at the 
minimum. 


Water Jet—A water jet should be installed in the dis- 
charge line of all conveyors discharging into the open, 
or into a baffle box. This jet should supply just enough 
atomized water to settle the dust without making the dis- 
charged ashes really wet, so that they will pack or freeze. 
The proper location of the water jet can only be deter- 
mined by experience. 


Steam Consumption—The size of the steam nozzles 
should never be determined by guess, but by actual 
scientific test when the conveyor is started in operation. 
This is one of the greatest factors in keeping steam con- 
sumption at the minimum. 
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While the steam consumption of a steam jet conveyor 
is, at first glance, quite large, the ashes are moved so 
quickly that the steam per ton of ash handled is quite 
reasonable in a conveyor properly designed and installed. 
In comparing power consumption with that of other types 
of conveyors, the power should always be figured back 
to pounds of steam at the boiler, taking into consideration 
all losses from the boiler to the point of application. 
Thus a mechanical conveyor requiring a certain number 
of horsepower to drive by means of an electric motor, 
will not appear to such advantage when the power is 
figured back to pounds of steam per ton of ash handled. 

A steam jet conveyor should be operated at a time 
when the other load on the boilers is lightest, such as 
during the noon hour, early morning, etc., depending on 
conditions in the plant. 


Ash Storage Bins. 

With any type of ash conveyor except the vacuum 
and steam jet conveyors, any kind of a receptacle can 
be used for the storage of ashes, the only consideration 
being that of strength. With the vacuum conveyor the 
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Steam jet ash conveyor installation. 


only additional consideration is that the bin must be air- 
tight. With the steam jet conveyor a bin must be so 
designed that, 


First—Absolutely no dust will be discharged with the 
exhaust steam. 

Second—No trouble will be caused by water of condensa- 
tion, resulting from discharging steam into a cold bin. 

Third—No water shall be allowed to come in direct con- 
tact with the ashes in the bin. 

Fourth—Ashes shall be discharged into the bin without 
any remaining downward component of the conveying force, 
thus preventing packing in the bin. 

Fifth—The impact of the discharged ashes must be taken 
by a suitable baffle, which will give the maximum wear. 
Ashes discharged against the wall of any kind of a bin will 
cut a large hole entirely through the wall in a few hour’s 
operation. 


All of the above points can be successfully taken care 
of by proper design. 


Caution. 

The apparent simplicity of the steam jet conveyor 
often leads engineers to think that they can build and 
install such a conveyor themselves. This is a great mis- 
take, as there is no power plant apparatus requiring more 
expert, experienced attention, to give satisfactory results, 
than the steam jet conveyor. The purchaser. of a -‘con- 
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veyor should remember that he is not buying pipe, but is 
buying experience, ability, service and the use of patented 
features as well as material. Even the oldest manu fac- 
turers of this type of conveyor are continually improv- 
ing their apparatus as the result of experience gained by 
studying conveyors in years of operation. As no two 
ash handling problems are ever the same, it is impossible 
to make the steam jet conveyor a standardized piece of 
apparatus, and a successful system can only be designed 
by those with great experience on which to base their 
design. 


The disadvantages of the steam jet conveyor are: 


First—Necessity of breaking clinkers small enough to 
pass through the intake opening. In the great majority of 
cases the clinkers encountered are very easily broken, as the 
ashes are raked in to the intake, by merely striking them with 
a hoe. In other cases where very hard clinkers are encoun- 
tered, the clinkers form a comparatively small proportion of 
the total ash, and can easily be removed by hand while the 
smaller ash is taken care ot by the conveyor. In very rare 
instances the ash produced is almost entirely made up of 
very large, hard clinkers. In these cases the steam jet con- 
veyor should not be considered as a means of ash disposal. 


Second—Steam Pressure. It has been found by experience 
that the steam jet conveyor cannot be successfully used with 
a lower steam pressure than 60 pounds per square inch. This 
absolutely prohibits its use in low pressure plants. 


Third—Wet Ashes. Generally speaking, wet ashes cannot 
be handled in the steam jet conveyor on account of the 
ashes packing at the turns of the line. As it is in no way 
necessary to wet the ashes before feeding them into the con- 
veyor, this can only be considered a disadvantage when the 
ashes are wet when produced, as in the water-sealed gas pro- 
ducer, etc. Even certain kinds of wet ashes can be success- 
fully ‘handled, therefore experts on this type of apparatus 
should be consulted before a decision is made as to the 
method to be used. 


Fourth—Limited Capacity. There is, of course, a limit to 
the amount of ashes that can be successfully and economically 
handled in one conveyor. As this limit depends upon so many 
factors, the problem of capacity should also be submitted to un- 
prejudiced experts. In some large plants several conveyors, 
discharging into the same or different bins, have been installed, 
keeping the limit per system to a safe maximum. 


The advantages of the steam jet conveyor are: 
First—Flexibility. The steam jet conveyor is very flexible 
and can be installed in any plant, no matter how crowded. 


Second—Ease of Installation. This is one of the easiest ash- 
handling systems to install. Wi6ith the instructions and drawings 
furnished by the manufacturers the purchaser,can erect all of 
the material himself, without the services of any expert erection 
men. 


Third—Simplicity. No skilled labor is required to operate 
this conveyor. Operation consists only of turning on the steam 
and raking the ashes into the intakes in turn. 


Fourth—Low Initial Cost. This is one of the cheapest 
systems to install on account of its simplicity and ease of in- 
stallation. Its cost, however, should not be compared to the 
price of standard pipe. Being made of special hard metal, and 
of much greater weight than standard pipe, ash conveyor pipe 
is much more expensive. 


Fifth—No Moving Parts. As there are no moving parts to 
this conveyor, and nothing moves but the ashes, no expert atten- 
tion by skilled labor is required. No lubrication is necessary. 


Sixth—Safety. There is positively no danger of fire, or bin 
explosion, with the steam jet conveyor as all fire is absolutely 
quenched by the steam while the ashes are passing through the 
conveyor. Instances are numerous where red-hot ashes are fed 
into a conveyor of this type and deposited in wooden bins with- 
out ever any occurrence of fire. As there are no moving parts, 
this is absolutely the best system that can be installed for safe- 
guarding the men employed in the plant. 


Seventh—Cleanliness. This conveyor not only does not spill 
any ashes, but actually removes even the finest dust. When in- 
stalled in a basement or tunnel, working conditions are improved 
owing to the changing of air due to the suction in the pipe line. 


Eight—No Storage Bin Essential. The operation of this con- 


-veyor is not dependent upon the installation of a bin. 
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FOREIGN RELATIONS 
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THE LORRAINE IRON AND STEEL INDUSTRY. 


The following report of Trade Commissioner J. F. Butler 
is continued from the May number of THE Buast FURNACE 
AND STEEL PLANT in the following: These troubles are said to 
have been the result of unrest and agitation caused by Ger- 
man elements in the factories. Naturally, at the time of the 
arrustice a large proportion of the workmen were of pure 
German extraction. Since that period there has been a 
gradual sifting out of this element, most of them being sent 
back to Germany. The workmen here, as elswehere in 
Alsace and Lorraine, were divided into four classes, as fol- 
lows: Class A, those of pure French or Alsatian origin; 
class B, of French-German or Alsatian-German birth; class 
C, of foreign origin; and class D, of pure German birth. 
Great restraint has been exercised by the French in sending 
back to Germany metallurgical workers in class D, the wis- 
dom of such a course being evident when it is considered 
that a very large proportion of these men were in the highly 
skilled class and difficult to replace. Persons placed in class 
D, however, are subject to deportation in case their presence 
becomes a source of annoyance to the French authorities. 
This tolerance on the part of the French is said to be partly 
responsible for a general strike of the metallurgical workers 
during part of September and October last, resulting in an 
almost complete cessation of production. Measures have 
been taken to avert a recurrence of labor troubles, and there 
is now little fear on this score. In the Forges et Acieres 
de Hagondange at the present time about 68.5 per cent of 
the workers are listed in class A, 5.6 per cent in class B 14.4 
per cent in class C, and 11.5 per cent in class D. Work in 
the steel plants is divided into three shifts of eight hours 
each. Consideration is being given to the employment of a 
considerable amount of foreign labor, in order to bring the 
production up to the pre-war standard. The total number 
of workers at present is about 22,CCO. 


Present Condition of Plants—Output—Fuel Difficulties. 


When the French took over the plants many were found 
to be in a run-down state, due to intensive exploitation and 
lack of upkeep during the latter period of the war. In many 
cases damage was deliberately done to the machinery by the 
Gerinans. During the past year a very large part of this 
damage has been repaired, and the majority of the plants 
are in very fair condition. 


At the present time the Lorraine plants are turning out 
only about one-third of their pre-war production. This is 
due principally to the lack of coke for the blast furnaces. 
Before the war France consumed about 12,500.000 tons of 
coke, of which it produced only about 6,200,000 tons. The 
resulting deficit is augmented to the extent of 4,900,000 tons 
by the annexation of Lorraine, of which the production is 
slight. making a total deficit of 11,100,000 tons. It is true 
that the French acquisition of the Saar opens to them rich 
sources of coal supplies. Unfortunately. the coke produced 
from this coal is of such a friable nature that it can be used 
only in small or very medium-sized blast furnaces, being 
quite unsuitable for the large blast furnaces of Lorraine. 
Coke could be imported from England, but the cost of trans- 
port renders supplies from this source practically prohibitive. 
A similar objection applies in a smaller degree to coke from 
Belgium. which, 
quantities and is of infertor quality compared with German 
-~¢oke. The Lorraine blast furnaces must continue, there- 
fore. ‘to find their coke in Germany. By the terms of the 
-“wrmdetice Germany was supposed to furnish France 11,000 
tons of coke daily. This contract was not adhered to, the 
Germans alleging various reasons for the non-delivery of 
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moreover, is available. only in limited 


‘coke in the stipulated quantities, especially strikes in the 


Westphalian coal regions and lack of transports. On May 
7 an agreement was reached whereby Germany. was to re- 
ceive 1% tons of iron ore for each ton of coke sent to Lor- 
raine, Luxemburg, Saar, .or Meurthe-et-Moselle. Germany 
should now furnish France with coke to the extent of 13,000 
tons a day. Although the amounts received during the latter 
part of 1919 were far greater than those of preceding months, 
they did not exceed one-half the quantity stipulated. This 
is a source of much embarrassment to the Lorraine industry, 
which hesitates to contemplate a future of entire dependence 
on Germany for coke. 


In this connection it is interesting to note one of the 
conclusions made in a report on the iron and steel works in 
Lorraine by a commission appointed by the British Ministry 
of Munitions. Keference is made in this report to the great 
desire of the French to free the Lorraine iron and steel in- 
dustry from dependence on Westphalian coke. According 
to the report, the French are said to be considering the erec- 
tion of coke ovens in Lorraine and the importation of Dur- 
ham coal to mix with their Saar coal. In exchange for the 
British coal they would ship basic pig iron to Great Britain. 
As matters stand the report states, the French feel that their 
steel industry is too greatly at the mercy of Germany. 


Transport Difficulties—Need of Steel in Germany. 


The existing railway crisis in France also contributes in 
a large measure to the difficulties experienced by the Lor- 
raine steel plants. Not only is railway transportation lack- 
ing for the carrying of coal and coke, but even for the haul- 
ing of the finished and partly hnished products to centers of 
consumption in France. It is only by making a special ef- 
fort that the products of the Lorraine steel mills are made 
available for the very pressing needs of the devastated 
regions and other sections of France, where the demands 
are far greater than the supplies. On the other hand, it is 
comparatively easy to export via the Rhine, which may ac- 
count for shipment to England last August of 40,000 tons of 
iron and 10,000 tons to ltaly. This was sold at a time when 
a keen demand existed in France. 

An interesting note, which incidentally - illustrates the 
great lack of iron and steel in Germany, is the fact that one 
of the former German proprietors of the Forges et Acieries 
de Hagondange has recently endeavored to enter into ne- 
gotiations with the French director of this firm for the pur- 
chase of an important quantity of iron and steel for ship- 
ment to Germany. 


Probable Future Output and Export of French Steel. 

What effect will the return of Lorraine to France have 
on the German iron and steel industry? Before the war 
Germany produced about 19,0C00CO tons of iron, requiring 
approximately 47000,000 tons of iron ore, which was secured 
from the following sources: Prussia, 5,400,000 tons; other 
German States. 20C0,C0OO0 tons; Luxemburg, 7,300,000 tons; 
Lorraine, 21,100,000 tons; imports, 11,4C0 000 tons. With Lor- 
raine restored to France and the German economic influence 
on Luxemburg acquired by France, Germany can count on 
a present production of only 7,400,000 tons of iron ore, un- 
less a more intensified exploitation of the German mines is 
possible. On the other hand. France, with the mines in the 
North producing normally, may calculate on a production of 
approximately 52,600,C00 tons, from the following sources: 
France, 21,700000 tons; French North Africa. 2,500,000 tons; 
Lorraine, 21,100.000 tons; Luxemburg, 7 300.000 tons. How- 
ever in connection with the above statistics, it should be 
borne in mind that German coke is at present indispensable 
to the Lorraine blast furnaces. and France must send Lor- 
raine iron ore to Germany in exchange for this coke. 
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NOTES ON THE ACID OPEN HEARTH PROCESS. 


(Continued from page 324) 

If at that point the furnace were suddenly cooled by shut- 
ting off the flame, the effect would be a sudden cooling of the 
slag, while the temperature of steel, protected from radiation of 
heat by the blanket of slag would be only slightly affected. 
This thermal change would have the effect on the slag of con- 
siderably increasing its affinity for basic oxides. The only 
‘supply of these oxides then available would be the traces still 
retained by the steel, which would therefore to a greater or less 
degree be absorbed by the slag. On account of the weight of 
slag in a heat being only about 7 per cent, while the steel makes 
up about 93 per cent, or 13 times the weight of slag, a trace of 
oxides in the steel if absorbed by the slag would be quite a 
noticeable amount. 

This, I believe, is the explanation of the change in the com- 
position of the slag, resulting from shutting off oil and air for 
one hour before tapping. This treatment was first tried more 
than 17 years ago, since which time it has been in continuous 
use, especially in the case of carbon and nickel steel for large 
ingots. 

The cooling effect on the steel, although slight compared with 
that on the slag, is also advantageous in order to lower the 
temperature for pouring large ingots, as otherwise the high 
temperature of the steel would make the ingots pull badly in 
forging. For this reason the steel is still further cooled by 
holding it from 20 to 30 minutes in the ladle before starting to 
pour. 

This ends the difference in the treatment of acid from that 
of basic open-hearth steel. I only want to add, that though this 
treatment is simple enough, it requires great skill and good judg- 
ment on part of the men in the shop, and that uniformly good 
results can be obtained only by careful and intelligent men after 
many years of training. 


SIXTY MILLION TONS IRON ORE MINED IN 1919. 


The iron ore mined in the United States in 1919, exclusive 
of that containing 5 per cent or more of manganese, is 
estimated to have amounted to 60,466,000 gross tons, a de- 
crease of 13 per cent as compared with 1918.. The shipments 
of ore from the mines in 1919 are estimated at 56,319,000 
gross tons, valued at $203,274 ,000, a decrease in quantity of 
nearly 22 per cent and in value of nearly 17 per cent as com- 
pared with 1918. The average selling value of the ore per 
gross ton at the mines for the whole United States in 1919 
was $3.60; in 1918 it was $3.39. The stocks of iron ore at 
the mines, mainly in Michigan and Minnesota, apparently 
increased from 8,471,507 gross tons in 1918 to 12,986,000 tons 
in 1919, or 53 per cent. 

To obtain these statistics preliminary figures received from 
producers of nearly 97 per cent of the normal output of iron 
ore were compiled by Hubert W. Davis, of the United States 
Geological Survey, Department of the Interior, and were 
supplemented by estimates covering the remainder of the 
output. 

Although the tron-mining industry itself experienced little 
labor trouble during 1919, production and shipments were 
hindered by the closing down of blast furnaces brought 
about by the steel and coal strikes. Shipments at upper 
lake ports were also delayed for a short time on account of 
the strike of ore handlers. 

The results of the estimate are sufficiently complete to 
show totals for the principal iron ore producing states, and 
by grouping together certain of these states the totals for 
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the Lake Superior district and for certain other geographic 
units are obtained. 
Lake Superior District. 

About 86 per cent of the iron ore mined and shipped in 
1919 came from the Lake Superior district, in which 52,126,000 
gross tons was mined and 48,463,000 tons was shipped, de- 
creases of 13 and 22 per cent, respectively, as compared with 
1918. The ore shipped in 1919 was valued at $179,485,000, a 
decrease of about 16 per cent. The mines in Minnesota fur- 
nished 71 per cen: of the total iron ore shipped from the 
Lake Superior district in 1919 and 61 per cent of the total 
of the United States. The average selling price of the ore 
at the mines in the Lake Superior district in 1919 was $3.70 
a ton; in 1918 it was $3.46. The stocks of iron ore in this 
district apparently increased from 7,856,710 gross tons in 
1918 to 11,887,000 tons in 1919, or 51 per cent. The ship- 
ments of iron ore by boat from the Lake Superior district 
in 1919, according to figures compiled by the Lake Supe- 
rior Iron Ore Association, amounted to 47,177,395 gross 
tons, a decrease of 23 per cent as compared with 1918. 
Southeastern States. 

The Southeastern States, which constitute the second 
largest iron ore producing area, including the Birmingham 
and Chattanooga districts, mined 5,740,000 gross tons of iron 
ore in 1919, a decrease of 17 per cent as compared with 
1918. The shipments of ore to blast furnaces from these 
States in 1919 amounted to 5,550,000 gross tons, valued at 
$15,914,000, a decrease in quantity of 25 per cent and in 
value of nearly 18 per cent as compared with the previous 
year. The average selling valu€é of the ore in these states 
in 1919 was $2.87 a ton; in 1918 it was $2.65. 

Northeastern States. 

The Northeastern States—New Jersey, New York, and 
Pennsylvania—mined 1,814,000 gross tons of iron ore in 
1919, a decrease of 2 per cent, and shipped 1,522,000 gross 
tons, a decrease of 15 per cent. The average selling value 
of the ore in these states in 1919 was $4.06 a ton; in 1918 
it was $4.87. 

Western and Other States. 

Colorado, New Mexico, Utah, and Wyoming, the prin- 
cipal iron ore producing states, in the West, are estimated 
to have mined and shipped 655,000 gross tons of iron ore 
in 1919, a decrease of 16 per cent as compared with 1918. 
The average selling value of the ore in this group of states 
in 1919 was $1.80 a ton; in 1918 it was $1.74. 

Other states, including California, Connecticut, Idaho, 
lowa, Maryland, Massachusetts, Missouri, Montana, Ne- 
vada, Texas, and Washington, in which there are small iron 
mining operations, are ‘pstimated to have mined 131,000 
gross tons of iron ore in 1919, a decrease of 3 per cent as 
compared with 1918. The shipments from mines in these 


_ states in 1919 are estimated at 129,000 gross tons, an in- 


crease of 1 per cent. The estimated average selling value 
of the ore from these states in 1919 was $3.99 a ton; in 1918 
it was $3.97. 


Imports and Exports. 

The imports of iron ore for the 11 months ending No- 
vember 30, 1919, amounted to 423,507 gross tons, valued at 
$2,192,619 or $5.18 a ton. The imports for the year 1918 
were 787,468 gross tons, valued at $3,464,304, or $4.40 a ton. 
The exports of iron ore for the 11 months ending Novem- 
ber 30, 1919, amounted to 995,577 gross tons, valued at $4,302,- 
734, or $4.32 a ton, compared with exports for the entire 
year 1913 of 1,256,383 tons, valued at $5,535,090, or $4.41 a 
ton. The statistics of imports and exports were compiled 
from the records of the Bureau of Foreign and Domestic 
Commerce, Department of Commerce. 
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Clyde E. Dickey, president of the Clyde E. Dickey, Inc., New 
York, has been elected first vice president and general manager 
of the Hammond Steel Company, Inc., Syracuse, New York. 

V 

William T. Lewis, formerly hot mill foreman of the Farrell, 
Pa., plant of the American Sheet & Tin Plate Co., has been 
appointed superintendent of mills of the Liberty Works of the 
Trumbull Steel Company, near Leavittsburg, O. 

, Viv 

Chester A. Orr, formerly superintendent of the Central blast 
furnace plant of the American Steel & Wire Co., Cleveland, O., 
has been elected vice president of the Cromwell Steel Company, 
Lorain, O. 

, Vv 

Robert H. Watson has resigned as general superintendent of 
the blast furnaces of the Detroit Iron & Steel Co., Detroit, 
Mich., to become superintendent of the new blast furnaces of 
the Ford Motor Company, Detroit. 

Vv 

A. V. Rigby, formerly master mechanic at the North works 
at Farrell, of the Carnegie Steel Company, has been appointed 
assistant general superintendent at the Sharon and Farrell works. 

vo ¥ 

D. T. Haddock, who for the past three years was superin- 
tendent of the Farrell, Pa., plant of the American Steel & Tin 
Plate Co., has resigned after being in the employ of that com- 
pany for 20 years. He was formerly located at Demmler, Pa., 
and afterwards at the Farrell plant of the same company. 


Vv 


George A. Lamb has been appointed superintendent of the 
plant of the Sligo Iron & Steel Co., Connellsville, Pa., after 
having resigned a similar position with the American Car & 
Foundry Co. 

Vv 


E. L. Ramsey has resigned as open hearth superintendent of 
the American Steel Foundry plant at Alliance, O., to become 
superintendent of the open hearth steel plant of the Eastern 
Steel Company at Pottsville, Pa. 

Vv , 

_Charles Davis has been appointed assistant superintendent of 
the Youngstown Sheet & Tube Co., Youngstown, O., succeeding 
Fred Lawrence, resigned. Mr. Davis was formerly a roller at 
the above named company. 
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Taylor Allderdice, vice president in charge of operations 
National Tube Company, Pittsburgh, has resigned to become a 
member of the Pittsburgh Board of Public Education. 

YY ¥ 

William H. Kochenderfer, Philadelphia, formerly employed 
in the Southwark Foundry Company plant, has been sent to 
Chambersburg Foundry & Machine Co., Chambersburg, Pa., by 
that company as general manager. 

Vv 
' Thomas O’Brien, district manager of the American Sheet 
& Tin Plate Co., at Ellwood, Ind., has been promoted to the 
management of. the Farrell works at Sharon, Pa., of that com- 
pany. 

y> .¥ 

J. C. Williams, vice president.and general manager of the 
Weirton Steel Company, Weirton, W. Va., has returned to his 
duties from a vacation spent in England. 

Vv 

W. C. Rott, formerly connected with several large steel com- 
panies, has joined the staff of Barton R. Shover, consulting 
electrical iron and steel plant and steam engineer, Oliver Build- 
ing, Pittsburgh. 

; Vv 

George Pipoly has resigned from the industrial relations 
department of the Youngstown Sheet & Tube Co., Youngstown, 
O., to engage in business. 


Vv 


W. H. Warren, formerly general manager of the Brier Hill 
Steel Company, Youngstown, O., will spend several months on a 
trip to California and other western points. 


Vv 


Dwight E. Clark has been appointed superintendent of the 
Farmer Iron Works, New Haven, Conn. Mr. Clark was for- 
merly foreman with the Worcester Ornamental Iron Works, 
Worcester, Mass. 


Vv 


H. A. Baxter, metallurgical engineer of the Tacony Stee] 
Company, has been appointed metallurgical engineer of the Penn 
Seaboard Steel Corporation. Mr. Baxter is a graduate of the 
Chemical Engineering course of the University of Michigan 
(B. Sc 09). “After two years as metallurgical engineer for the 
H. H .Franklin Automobile Company, Syracuse, Mr. Baxter 
became associated with the Midvale Steel Company, Philade]-_ 
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phia, as sales manager. In 1915, he was made assistant superin- 
tendent of Midvale’s ordnance treatment department and subse- 
quently was appointed superintendent of this department. In 
the fall of 1917, he resigned from Midvale to become the metal- 
lurgical engineer of the Tacony Ordnance Corporation, which 
in August, 1919, following the successful completion of large 
ordnance contracts for the United States government, consoli- 
dated with the Tacony Steel Company. Mr. Baxter is a mem- 
ber of the Iron and Steel Institute of London, the American 
Society for Testing Materials, the American Institute of Metal- 
lurgical and Mining Engineers, the Society of Automotive En- 
gineers, the American Society of Steel Treating and the Army 
Ordnance Association. 


ae 


It was incorrectly stated in the May issue of THe Bras? 
FURNACE AND STEEL Pian? that Harry C. Davis, formerly super- 
intendent of the Thomas and Empire hot mills of the Brier 
Hill Steel Company, would be operating manager of the new 
sheet mills to be erected at Ashtabula, O., by the Ashtabula Steel 
Company. Mr. Davis will not be associated with this company. 


Vv 


I. Lamont Hughes who has been ill for sometime, has resumed 
his duties as general superintendent of the Carnegie Steel Com- 
pany at Youngstown, O. 

Vv 


A. D. Hirsth has accepted the position with Perin and 
Marshall, consulting engineers, New York, and will soon leave 
for India, where he will have charge of the construction of two 
blast furnaces for the Tata Iron & Steel Co., near Calcutta. 
Mr. Hirsth was formerly with the Brier Hill Steel Company, 
Youngstown, O. 


Vv 


Brent Wiley, manager steel mill section, industrial de- 
partment, Westinghouse Electric & Manufacturing Co., East 
Pittsburgh, has been appointed assistant to manager, in- 
dustrial department, in charge of mill industries. Mr. Wiley, 
after graduating from the Rose Polytechnic Institute, Terre 
Haute, Ind., in 1898, entered the electric department of the 
Ohio works, Carnegie Steel Company, where he Stayed one 
year, and was then transferred to the Homestead works of 
the company as assistant to the electrical engineer. For two 
years, Mr. Wiley was electrical engineer for the Wellman- 
Seaver-Morgan Company, Cleveland. In 1906 he became as- 
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sociated with the Westinghouse company as commercial 
engineer, engaged in steel mill work, industrial and power 
department. Mr. Wiley was appointed manager of the steel 
mill section in 1909, which position he has held until his re- 
cent appointment. He is a member of the Iron and Steel 
Institute, Association of Iron and Steel Electrical Engineers, 
American Electrochemical Society, Electric Furnace Associa- 
tion and the Engineers’ Society of Western Pennsylvania. 


Vv 


A. Schmidt has been appointed vice president and general 
manager of the Federal Iron Works, Youngstown, O. Mr. 
Schmidt was formerly manager of the Lau Iron Works, at 
Youngstown, O. 

Vv 


F. William Richards has recently resigned as works manager 

of the Columbia Malleable Castings Company, Columbia, Pa. 
WY; 

Thomas J. Gillespie, who recently was elected president of 
the Lockhart Iron & Steel Co., Pittsburgh, has been identified 
with that company since its organization in 1890. His election 
to the position of head of the company merely is a change of 
titles, as Mr. Gillespie has been secretary and treasurer, general 
manager and chief executive of the company during the 30 years 
of its existence. Mr. Gillespie has found time for numerous 
philanthropic and charitable movements. He has been a mem- 
ber of the state executive committee of that body and of its 


national advisory committee. 
Vv 


W. C. Coryell, formerly connected with the Carnegie Steel 
Company at Youngstown, O., has been appointed chief engineer 
of the General Fire-Proofing Company, Youngstown, O. 


Vv 


Charles E. Duncan has been appointed general superintendent 
of the Algoma Steel Company, Sault Ste Marie, Ont. Mr. Dun- 
can recently resigned from the Mesta Machine Company, Pitts- 
burgh. 

Vv 


Guy D. Leopold has resigned as purchasing agent and traffic 
manager of the Edgewater Steel Company, Pittsburgh, to accept 
a similar position with the Austin Company, Cleveland. Mr. 
Leopold will be succeeded by Walter McKean, formerly with 
the Westinghouse Electric & Manufacturing Co. 
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BY-PRODUCT COKE OVEN DEVELOPMENTS. 
(Continued from page 337.) 


Terre Haute, Ind. These ovens have an average width of 


16 inches, being adapted to coke Illinois and Indiana coal. 
They are the ordinary Koppers cross-regenerative coke ovens 
heated with coke oven gas. The performance of these ovens 
has been very satisfactory, and the heating regulation is so 
good that there are no indications that the maximum height 
possible with ordinary coke oven gas heating has been 
reached. 


New Developments Facilitating Use of Higher Ovens. 

Whatever this limit may be, and whether or not it ever 
will be reached in actual construction, it is gratifying to 
know that our resources for uniform heating over great flue 
heights are by no means confined to the limitations imposed 
by straight coke oven gas fring. With producer gas firing, 
it is possible to get uniform heat distribution through a 
great height of flue, but we may, with ordinary coke oven 
gas, obtain the same degree of uniformity through flues of 
great height by the system of waste gas return that has 
been developed by The Koppers Company. Thus, we have 
three important accomplishments contributing to new pos- 
sibilities in the way of increase of oven height and conse- 
quent increase of unit coking capacity, viz.: 

1. The development of a wall construction of maximum 
strength and EInciency as Sccompusnee in the triangular 
flued system. 

2. The successful application of producer gas to oven 
heating. 

3. The deverooinent of the waste gas return system. 


The Waste Gas Return System. 

This system has been applied in a gimpie and most in- 
genious manner by utilizing essentially the structure already 
provided in the cross regenerative combination oven. When 
the ovens are fired with coke oven gas, the regenerators are 
all used for aif as usual. When producer gas is used, the 


coke over gas distributing flue is idle and every alternate 


set of regenerators throughout the battery is used for pre- 
heating the producer gas, while every other alternate set is 
used for ‘preheating the air. Now, -in the system of waste 
gas return, it is designed to use coke oven gas for heating 
the ovens; but it is also designed so to ‘introduce waste 
inert products of combustion into each burning flame-flue, 
that the coke oven gas flame will practically have the dis- 
tended character of a producer gas flame. To. this end, 


waste gas is cooled and conveyed from the-stack flue into’ 


alternate regenerators of the combination oven, while the 
other alternate regenerators are employed for. air, as in pro- 
ducer gas operation. These returned waste gas regenerators 
feed the reheated waste gas directly into the same flame- 
flues that are being directly fed with air from the air re- 
generators and with coke oven gas from the coke oven gas 
distributing flue, and the quantity and velocity of such re- 
turned waste gas food is completely regulable. The opera- 
tions of reversing take place at the usual intervals. With 


such a system, it is possible to obtain an equally satisfactory’ 


degree of temperature uniformity throughout a great height 
of flue as when using producer gas, and it is obvious that a 
plant of combination ovens equipped with both waste gas 
return and producer gas systems in an apparatus of great 
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flexibility with respect to coke and gas production. 

Such flexibility is of even greater importance in the arti- 
ficial gas industry than in iron and steel plants and, so far, 
the application of the waste gas return system has been de- 
signed primarily with reference to gas ovens, although it has 
important developments in connection with coke oven plants 
as well. 


The New Koppers Gas Oven. 

The foregoing consideration all naturally lead up to the 
new Koppers gas oven—a development which is considered 
very important for the gas industry. This oven can be built 
at low cost and can be operated at a lower cost than any 
other adequate apparatus yet designed for the production 
of coal gas. It is triangular flued, combination, cross-re- 
generative oven utilizing the Koppers heating principle and 
can be operated either with producer gas, or with coke oven 
gas with waste gas return, or with straight coke oven gas. 
It combines the advantages that have been enumerated as 
relating to the triangular flued construction, producer gas 
firing, and the waste gas return system. It has the maximum 
of flexibility with respect to gas output. An extended dis- 
cussion of this new gas oven would be unsuitable for the 
purpose of this paper, but it is intended within the near 
future to publish an article dealing exclusively with this 
subject for the bencfit of those who are especially interested. 
A few of the salient features will merely be mentioned here. 

A sectional drawing of the flues, regenerators and gas 
distributing systems of the gas oven is shown in Fig. 10. A 
distinctive feature is that the gas mains and stack flues are 
all on one side of the battery, which is important from the 
standpoint of cost and economy of operation. The upper 


main shown in circular section just outside the oven struc- | 


ture is for the coal gas supply. There are two coal gas 
distributing flues, the upper communicating with the nozzles 
on the half nearest to the gas mains, while the lower flue 
communicates with the nozzles on the far half of the wall. 
There are two lower gas supply mains shown in U-section. 
One of these is for producer gas and the other for returned 
waste gas. The waste gas outlets at the bottoms of the 
regenerators are positioned so that the passages from the 
regenerators on the far side of the battery pass along the 
bottom of the regenerators on the near side and communi- 
cate with the stack flue. Alternate regenerators serve for 
air and for producer gas, or as the case may be, for air and 
for returned waste gas. Thus, all of the fuel gas and re- 
turned waste gas inlets as well as all of the waste gas out- 
lets are brought together on the same side of the battery— 
an accomplishment which greatly favors convenience of op- 
eration. Fig. 11 is a perspective drawing of a typical small 
plant of these gas ovens, in which certain of the features of 
oven construction may be more clearly seen than in the 
diagramatic drawing. 


The oven is designed to have a capacity of 7.6 net tons 


of coal and is of such width as to operate on 12 hours cok- -: 


ing time with a daily capacity of 15.2 net tons coal producing 
160,000 cubic feet of gas. 

The possibility of operating such ovens at 12 hours cok- 
ing time has interesting application in reducing operating 
costs. A plant having ample gas storage capacity can be 
operated with two eight-hour shifts, only the heaters and 
producer operators being required on the third shift. 
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NEWS OF THE PLANTS 


The Eastern Rolling Mill Company, Baltimore, has in- 
augurated operations at its new works on Baltimore street, 
which have been in course of erection for some months 
past. Initial production will be concentrated at six hot 
mills, intermediate and finishing departments, and it is 
planned to place the other unit of six hot mills in service 
during June. The present output wi!l average about 60,000 


tons of steel per year and it is proposed to increase this - 


production at an early date. The expansion plans include 
a duplication of the present works; the company has a site 
of about 25 acres of land and has taken options on 25 acres 
of adjoining property for its proposed extensions. The in- 
itial plant covers an area of about 375x1,000 feet, and will 
give employment to about 1,200 men. The production will 
be devoted for the most part to high grade steel sheets for 
automobile body manufacture and other purposes. The 
company will operate with a capital of $5,000,000. J. M. 
Jones is president and plant manager. 


The Milliken Brothers Manufacturing Company, Wool- 
worth Building, New York, manufacturer of standardized 
structural steel buildings, transmission towers, radio towers, 
and steel poles, is concentrating operations at the present 
time on its industrial buildings, known as Milliken Build- 
ings. Contracts secured up to the present time, both for 
domestic and foreign shipments, insure maximum operations 
for some months to come. The material for these structures 
is pre-fabricated, and the buildings are provided with heavy 
corrugated steel sides and roofs, calling for the best grade 
of material in this line. To facilitate operations in the field 
the company has arranged for representation at a number 
of important centers, including Chicago, Cleveland, New 
Orleans, Raleigh, N. C.; Dallas and Houston, Tex.; Tulsa, 
Okla.; in Cuba, M. T. Walsh, Havana, will represent the 
company, while in Great Britain, the Milliken Brothers 
Manufacturing Syndicate, Ltd., will handle the business. It 
is planned to enlarge this representation from time to time. 


The Atlas Crucible Steel Company, Dunkirk, N. Y., has 
arranged financial matters to provide for an active operating 
capital of $5,500,000. The company has extensive plans 
under way for the erection of a number of additions to its 
plant for increased production, and arrangements have been 
made with the city for a vacation of certain lands for the 
new structures. The property is located on Howard street 
and other thoroughfares. The proposed buildings will in- 
clude an addition to the annealing works, 70x200 feet; metal 
melting shop extension, 70x120 feet; new 16 and 28 in. mill 
buildings, 80x235 feet; addition to wire mill, 40x140 feet; and 
billet storage extension, 158x170 feet. With the facilities 
provided in these new structures it is planned to double 
approximately, the present output. The work is estimated 
to cost about $1,000,000, including machinery and equipment. 
A large increased working force will be arranged for. 


The Superior Sheet Metal Company, Canton, O., has ar- 
ranged for an increase in its capital from $2,000,000 to $%,- 
000,000 for proposed expansion. The company is now erect- 
ing a sheet mill comprising a number of units and the plant 
will be increased over the size and output as initially an- 
ticipated. A complete jobbing mill will also be constructed 
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to be used for the production of blue annealed sheets of 
heavy stock. It is planned to place the initial units of the — 
plant in operation early in July, including from four to five | 
mills, with auxiliary operating buildings. 


“ cee a 


The Wharton Steel Company, Wharton, N. J., has ar-. 
ranged for the installation of a new sintering works at its 
local mills. The company has secured permission from the 
American Ore Reclamation Company, 71 Broadway, New 
York, to use the Dwight & Lloyd process machines for this 
work. The installation will consist of two double-length - 
sintering machines, with capacity of about 700 tons of sinter 
per day from ore concentrates and flue dust. The installa- 
tion will be made by the Arthur G. McKee Company, 
Cleveland, O. It is now contemplated to increase the equip- 
ment to a total of six machines at a later date. 


t 


The St. Louis Coke & Chemical Company, St. Louis, Mo., 
is making rapid progress in the erection of its new blast 
furnace and coke ovens at Granite City, II!., and expects to 
have the plant ready for initial operations some time in July. 
The blast furnace will have a capacity of about 500 tons of 
pig iron per day, and the coke department will comprise a 
battery of 80 ovens. The pig iron output will be shipped 
as hot metal for utilization at the plant of the National 
Enameling & Stamping Co., in this vicinity. The coke plant 
will have an output of about 1,500 tons of material, and will 
handle approximately 2,000 tons of ‘IIlinois coal per day. A 
portion of the production of the latter branch of the works’ 
will be used at the company’s’ blast furnace. 


The Connellsville Electric Steel Company, Connellsville, 
Pa., has been organized to take over the property and assets 
of the United States Electric Steel Company, which has 
been in financial difficulties. The works of the company 
were secured by officials of the new organization at a re- 
cent sale. These comprise a plant on the Youghiogheny 
river at Connellsville, well equipped for production. It is 
reported that the new company is planning to inaugurate 
operations at an early date. Officers of the new organiza- 
tion are G. M. Gadsby, president; F. W. Wright, vice presi- 
dent; R. B. Keating, vice president; G. E. Murrie, secretary, 
and F. E. Markell, treasurer. 


The Sligo Iron & Steel Co., 42 Broadway, New York, has 
been reorganized with increased capitalization to provide for 
expansion of its works at Connellsville, Pa. The present 
plant has a capacity of about 5,000 tons of sheets and 
merchant bars per month, and it is proposed to increase this 
to about 7,500 tons. Building of an addition to the sheet 
mill has been inaugurated, and the various increases in out- 
put will be divided among this department, the 16 in. finish- 
ing mill, a 9 in. finishing mill, and the muck mill. The 
initial expansion is estimated to cost about $60,000, and con- 
siderable new equipment will be installed. The company 
has a site totaling about 16 acres of land in this district, and 
six acres are now being utilized for plant buildings and 
operations. W. W. Darley has been elected president: to 
succeed S, C. Munoz; he has formerly acted as vice-president. 
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INDUSTRIAL RELATIONS 


INDUSTRIAL ACCIDENTS AND THEIR PREVENTION 
The following is taken from Bulletin No. 47, published by 
the Federal Board for Vocational Education: ~ 
Forms of Safety Organization. 
The existing working force of every industrial concern, 
whether large or small, is adaptable readily to a safety or- 
ganization. No new employes are required unless it be the 


case of large concerns in which it might be necessary to © 


select some person to devote himself exclusively to the in- 
spection work. The only differences are that the organi- 
zation does not need to be so extensive in the small plant 
and that the duties in such a plant are performed by dif- 
terent factors in the organization.* 

The generally accepted plan of inaugurating a safety or- 
ganization embodies five features: 

1. Support of the management. 

2. Support of the foremen. 

3. Central safety committee. 

4. Workmen’s safety committee. 

5. Safety engineer (or inspector). 


Support of the Management. 

Experience in the past decade has conclusively proven 
that the work of accident prevention is not a “one man job;” 
that satisfactory results can be secured only through the 
highest measure of codperation between the employer and 
his employes, and this only by means of organization. The 
employer must be vitally interested in the work if he ex- 
pects to educate his men to share the responsibility with 
him. The men must be given a part to perform in it. if their 
interest is to be aroused and maintained. The work must 
touch them somewhere, and they must be brought into di- 
rect relationship with their employer. It is only through 
organization that this is possible, whether the plant be large 
or small. 


Reaching the Manager. 

Safety in a plant must begin at the top. The managert 
and superintendent must believe in it as a business proposi- 
tion just as they believe in fire prevention or anything else 
that prevents waste and increases efficiency. They must 
give safety a dignified position in the organization, get back 
of it and stay back of it so unmistakably that every fore- 
man and workman will know what the officers propose to do 
to make the plant safe, and what they expect the foremen 
and workmen to do. Without this backing from the man- 
ager and superintendent a safety engineer can do little in 
reaching the workmen and in awakening the real safety 
spirit. 

How to Convince the Manager. 

Managers and superintendents do not neglect safety be- 
cause they are inhuman and indifferent to the welfare of 
their workmen. It is because they are not informed as to 
what has been accomplished in accident prevention, and 
they do not know that safety pays good dividends on the 
investment. . 

If a manager and superintendent are not interested in ac- 
cident prevention, or if they do not give the necessary sup- 
port, the first duty of the person responsible for the con- 
duct of the safety work is to convince them by placing be- 
fore them the experience of other companies that are doing 
successful safety work. A manager is always interested in 
what some other company is doing and the savings which 
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are being made. He must be convinced by hard facts. 

It is important that the management has placed before 
it an outline of the methods used by representative com- 
panies in accomplishing their favorable results. Emphasis 
should be made on the point that from one-half to two- 
thirds was accomplished through organization and cduca- 
tional methods. In presenting plans for a safety organiza- 
tion, an effort should be made to convince the management 
that they include standards used successfully in all com- 
panies doing the most efficient safety work. 


What the Manager and Superintendent Can Do. 

In starting a safety campaign, a manager should call a 
meeting of all foremen and sub-foremen, at which he should 
preside. He should outline the plan and state what the 
company proposes to do to make the plant safe, and what 
the officers expect of every foreman. The manager should 
seek to convince the foremen of the practicability of the pro- 
posed plan by placing before them the experience of other 
companies. He should emphasize the point that from that 
time on safety must be recognized as an indispensable part 
of an efficient department; a foreman’s first duty is the pro- 
tection of his men. At this meeting the manager should an- 
nounce regular monthly safety meetings of the foremen. He 
should request each foreman to make a rigid inspection of 
his department and to submit within a week a written re- 
port of all points which should be guarded, indicating those 
which should be considered first. 

The company must first do its part—must convince the 
workmen by visible signs in the form of mechanical guards 
—before the foreman can go to the men and ask them to co- 
operate. 

After considerable guard building has been done, and 
after the manager and superintendent have succeeded in in- 
teresting the foremen, then a meeting of all employes should 
be called. At this meeting the manager and superintendent 


. should speak and should lay before the men the causes of 


accidents, emphasizing the point that a large percentage can 
not be prevented by anything which the company can do. 
They should drive home the fact that the workmen are a 
thousand times more concerned than the company; they can 
lose their limbs and their lives—the company only loses 
money. “ 

The manager should announce the new plans for safety 
work and should place the company and himself on record 
as willing to do anything possible to protect the men—if 
they will do their part. 

The superintendent should announce the names of the 
workmen who are to serve on the workmen’s inspection 
committees and emphasize the importance of their work. 

Not only should the manager and superintendent give the 
safety work their support at the start, but they should ac- 
tively identify ‘themselves with the movement, so that the 


‘foremen and workmen will be constantly reminded of their 
- interest. : 


The superintendent should attend all foremen’s meetings, 
and act as chairman. The manager should frequently attend 
and express his deep interest in safety. 


*See further “How to Organize for Safety,” published by 
the National Safety Council, Chicago. . 

tIn this paper “manager” means the chief executive in 
the plant. 
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GRINDING FOR DRESSING OFF GAS AND ARC 
WELDS. 


The Van Dorn Electric Tool Company, of Cleveland, O., 
has recently developed alternating and direct current aerial 
grinders, particularly suited for dressing off the overflow 
metal along the welding line. These two grinders are each 
suspended on a spring with 12 inch extension and 6’x1"x%" 
guarded wheel. The dc grinder and 3-phase ac grinder are 
one-half hp and the single phase ac grinder is one-third hp 
A. I. E. E. rating. 

In all three types the end plate and extension spindle 
housing are made of steel. In the dc type the motor hous- 
ing is also steel but in the one-third hp and one-half hp ac 
types this is constructed of aluminum to keep down the 
weight. Both types are completely equipped with ball bear- 
ings of liberal size to insure running ease and assure that 
all the power is used in the cutting face of the wheel. 

The shaft is locked to the inner races of the ball bearings 
to provide end thrust and eliminate shaft wear. These tools 
are adapted for all kinds of light grinding and for dressing 
off arc welding of window and door sash in passenger car 
building, polishing, etc. 


COMBINATION TOOL FOR MACHINE SHOP. 


The Ackland patented screw driver is in reality a com- 
bination ratchet, socket wrench, drill and screw driver, com- 
bined with a specially designed and powerful lever device 
for holding the tool to the work. 

The production of this patented combination 
tool by the Ackland Specialty Company, of 
Springfield, Mass., is a direct result of the world 
war and the steady growth of the automobile 
industry. It is in great favor with the automo- 
bile repairmen and has become an indispensable 
part of the equipment of the Government 
armory, where it is used to remove rusted in 
and battered bolts, nuts and screws from the 
used equipment which is being repaired and 
overhauled since the boys finished “doing their 
bit” with the machine gun, rifle, etc. The 
patent covers a verticle member of square 
cross-section which can be engaged at any point 
with either a ratchet or ordinary wrench. 


LARGEST VERTICAL SCREW POWER 

TESTING MACHINE IN THE WORLD. 

The Riehle Brothers Testing Machine Com- 
pany, of Philadelphia, has just completed, for 
the United States Government, the largest 
vertical screw power testing machine in the 
world (1,000,000 pounds capacity) to be installed 
at the Forest Products Laboratory, Madison, Wis. 

The machine is of the two-rotating screw type similar to 
those now in use by the American Steel Foundries, Alliance, 
O., and the W. H. Miner Company, Chicago, IIl., but having 
special features not on those machines. - 

This machine is arranged to test columns 30’0” or less in 
compression and will take specimens 10’0” long or less in 
transverse. When arranged for tensile specimens the maxi- 
mum travel of the pulling head is approximately 29’0”. 
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_ pounds. 


For tensile testiny 
the top or weighing 
head can be secured 
at four different ele- 
vations according to 
length of specimens 
to be tested, and is 
held in place by two 
keys which pass 
through openings in 
the weighing col- 
umns. The weigh- 
ing mechanism is en- 
tirely independent of 
the power mechan- 
ism. 

The machine 
weighs approximate- 
ly 150,000 pounds, is 
45’0” over all height, 
37'0” above floor 
line when table is 
level with floor, 15’ 
0” long and 10’8” 
wide. The _ tensile 
grips will hold speci- 
mens up to 12”x4". 
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One million pound testing machine. 


The weighing beam is of the micrometer dial screw type; 
the dial is graduated by 100 pound marks to 10,000 pounds, 
and the beam readings are by 10,000 pounds to 1,000,000 
A needle beam is provided to magnify the swing of 
the weighing beam. A one-tenth poise is also furnished to 
be used for light loads. 

The machine has four speeds, 10 inch per minute: der ad- 
justing the pulling head and pulling speeds of 2: me 4c inch, 
1/10 inch per minute. 
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TRADE NOTES 


D. Gleisen, manager industrial bearings 
division, Hyatt Roller Bearing Company, 
has appointed W. F. Myer to be directing 
transmission engineer, effective at once. In 
his new position Mr. Myer will be respons- 
ible for the sale of Hyatt line shaft roller 
bearings, and as he has been doing field 
work with the Hyatt agents throughout 
the country for over two years, he is well 
qualified to effectively handle this work. 


N. N. Baad, who formerly had charge of 
the heat treating department at the De La 
Vergne Machine Company of New York, 
resigned to accept a position as sales and 
service, engineer with the F. A. Calhoun 
Company, 76 Montgomery street, Jersey 
City, N. J. 

The Electric Furnace Construction Com- 
pany, Finance Building, Philadelphia, re- 
ports repeat order for a 114 ton “Greaves- 
Etchells” furnace for Charles Bertolus, St. 
Etienne, France. 

Announcement is made of the consolida- 
tion of the executive and sales offices of 
the Booth Electric Furnace Company, 
Chicago, at the same address as the en- 
gineering and production office, which has 
been located at 326 West Madison street. 
Effective May 1 the address of the 7zeneral 
office of the company will be at this address, 
where adequate office space -nd facilities 
have been secured to take care of ail de- 
partments. 

The Iron Age Publishing Compiny Fas 
just published the Iron Age Catalogue of 
American Exports, for distribut'on “ the 
civilized countries of the world. It con- 
tains the catalogues of leading American 
manufacturers of engineering railway, 
foundry and electric equipment and sup- 
plies, iron and steel, machinery and tools, 
hardware and cutlery. 


George R. Brandon, formerly engaged 
in engineering and sales of foundry equip- 
ment and cranes, has recently been ap- 
pointed district representative and_ sales 
engineer by the General Construction Com- 
pany, Chicago, IIl., manufacturers of “Oil- 
gas” furnaces for all industrial purposes. 
His headquarters will be 342 Monadnock 
Building, Chicago. 

Ernest H. Peabody, for many years em- 
ployed by the Babcock and Wilcox Com- 
pany, as engineer, salesman, and in a 
general executive capacity, has recently re- 
signed his position to become president of 
the Peabody Engineering Corporation, 
with general offices at No. 160 Broadway, 
New York City. This company vas :n- 
torporated under the laws of the state of 
New York about the first of February, 120, 
and will undertake the furnishing of oil 
burning equipment of all kinds, including 
mechanical atomizing burners, steam atom- 
izers and burners for industrial furnaces. 
Mr. Peabody’s broad experience in com- 
bustion engineering, both in the marine and 
stationary field, and particularly in the use 
of oil as fuel, and the opportunity he has 
had for the exhaustive study of conditions 
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leading to the best economic results, fits 
him especially for the work which he is now 
undertaking. 


L. H. Keim has been appointed general 
sales manager of the R. D. Nuttall Com- 
pany, gear manufacturers, of Pittsburgh, 
Pa. Mr. Keim came with the company in 
1911 as engineer in charge of erection work 
and the installation of equipment. One 
year later he was promoted to the position 
of assistant chief engineer, designing and 
developing heavy duty railway and steel 
mill gearing. In 1916 he developed a stand- 
ard tractor transmission unit and was soon 
placed in complete charge of this new 
field. His headquarters were in Chicago, 
Ill., from where he extended service to 
gear users of every class. From this work 
Mr. Keim has been brought back to the 
main office at Pittsburgh, to take charge 
of his present duties. 


The Schaffer Engineering & Equipment 
Co., to provide for the expansion of their 
business and to obtain ample plant facili- 
ties, has sold a large block of its capital 
stock to the Fawcus Machine Company. 
The Schaffer company’s processes, engi- 
neering achievements and line of machin- 
ery, including poidometers, hydrators, coal 
injectors and screens need no further com- 
ment at this time. The rapid growth of 
their business necessitated better manu- 
facturing facilities and assistance in hand- 
ling the natural growth of this business. 
The Fawcus Machine Company, manufac- 
turers of gears and special types of machin- 
ery, with large plants at Pittsburgh and 
Ford City, Pa., will build all machinery 
required, and the inventive genius of J. C. 
Schaffer and the thorough understanding 
of their customers’ needs by Waller Crow 
will be backed by the active interest which 
the officials of the Fawcus Machine Com- 
pany will take in the Schaffer Company. 
The officers of the Fawcus company, who 
will take active interest in the Schaffer 
organization, are A. F. Cooke whose 
advanced interest in machine shop practice 
and production has placed him in the fore- 
most ranks; Eliot A. Kebler, prominent in 
financial circles and actively identified with 
iron manufacturing companies for many 
years; and A. A. Alles, Jr.. who has done 
much toward unifying and stabilizing costs 
in the largest groups of manufacturers. 
The new officers and directors of the 
Schaffer Engineering & Equipment Co. are 
A. F. Cooke, president and general man- 
ager; J. C. Schaffer, vice president; Eliot 
A. Kebler, vice president; A. A. Alles, Jr., 
treasurer, and Waller Crow, secretary. 


The Wellman-Seaver-Morgan Company, 
Cleveland, O., has recently issued a series 
of bulletins showing some of the notable in- 
stallations made by that company. The 
different bulletins are devoted to the 
various fields of the company’s activities, 
namely: Bulletin 41, Coal and Ore Hand- 
ling Machinery; Bulletin 42, Special 
Cranes; Bulletin 43, Hydraulic Turbines; 
Bulletin 44, Hoisting and Mining Machin- 
ery; Bulletin 45, Steel Works Equipment; 


- Bulletin 46, Coke Oven Machinery; Bulletin 


47, Port and Terminal Equipment; Bulle- 
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tin 48, Rubber Machinery. The scheme of 
each of these bulletins is to show, on fac- 


The American Metallurgical Corpora- 
tion, Franklin Trust Building, Philadelphia, 
announce the closing of a contract with the 
Thermoid Rubber Company, Trenton, N. J., 
for the installation of electric oven equip- 
ment to take care of the production of a 
special processed product to be placed on 
the market by this company. 


W. C. Buell, Jr., formerly engineer of 
tests, and later chief engineer of Tate- 
Jones & Co., Inc., on June 1, became asso- 
ciated with the George J. Hagan Company, 
of Pittsburgh, furnace and combustion en- 
gineers, as chief engineer of their newly 
organized liquid fuel department. 


The Cambria Steel Company has auth- 
orized extensive improvements at its Johns- 
town, Pa., plant, involving the expenditure 
of about $42,000,000, as announced by L. R. 
Custer, vice president of the company, in 
the “Johnstown Democrat” of May 22. 
The Semet-Solvay Company has _ been 
awarded the contract for installing a con- 
siderable part of the contemplated im- 
provements, and will carry out a compre- 
hensive plan for the reconstruction of, and 
addition to the coke oven plant and by- 
product recovery apparatus. The Cambria 
Steel Company built at its Franklin plant. 
the first installation of by-product coke 
ovens in America, except the original plant 
of Semet-Solvay ovens at Syracuse, and 
this Franklin plant now consists of a total 
of 492'ovens in 11 blocks, consisting of five 
blocks of Otto-Hoffman ovens, two blocks 
of Koppers, and four blocks of Cambria, 
an improvement on the original Otto-Hoff- 
man type. The Semet-Solvay Company 
will construct a complete by-product plant 
for the recovery of ammonium sulphate, 
tar and light oil from these 11 blocks, also 
a plant for the rectification of the light oil 
to motor benzol, with a capacity to handle 
all the light oil produced from both the 
Franklin plant and the Rosedale plant 
mentioned below. This work will also in- 
clude a boiler plant, storage and shipping 
facilities for all products, and a complete 
new system of gas delivery and circulation 
piping for the oven blocks. At the Rose- 
dale plant of the Cambria Company, the 
Semet-Solvay Company will construct two 
blocks of Semet-Solvay ovens of 44 ovens 
each, and will erect an additional block of 
ovens of the Cambria type from material 
already on hand, making when completed, 
a plant of 208 ovens. It will also install a 
coal washery plant, coal breaker, boiler 
plant, coal and coke handling machinery, 
and all equipment necessary for the recov- 
ery of ammonium sulphate, tar, gas and 
light oil, from the four blocks of ovens. 
When this work is completed, the Cambria 
Steel Company will have a daily capacity 
for coking of about 9,000 net tons of coal 
per day at the two plants. 


The Electric Controller and Manufactur- 
ing Company, of Cleveland, O., has recent- 
ly opened a branch office at 49 Federal 
street, Boston, ‘Mass. The office is in 
charge of -M. D. Goodman. : 
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Battery of 60 Triangular Flued Cross Regenerative Combination 
Ovens built by the Koppers Company for the Jones & Laughlin 
Steel Co., Pittsburgh, Pa. 


BY-PRODUCT COKE PLANTS AMMONIA RECOVERY APPARATUS 
TAR DISTILLING PLANTS BY-PRODUCT GAS PRODUCERS 
MOTOR FUEL RECOVERY PLANTS 


eZ 


= 


SUMMA 


